The action of solutions of chlorine in water on d-glucose by Saxe, Melvin Howard
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1950
The action of solutions of chlorine






THE ACTION OF SOLUTIONS OF CHLORINE I N 
WATER ON d-GLUCOSE 
by 
ME!LVIN H. SAXE 
(S.B., I¥1ass. Inst. Technology, 1948 ) 
Submitted in partial fulfilment of t he 
requirements for the degree of 
Master of Arts 
1950 
f) f'1 




App~~v ed _j} /} A • 
First Readel"~ ."Jf.- .~ •• 
Instructor of Chemistry 
d L)...)o~ () Se cond Rea.er .......... ..... . . . . ~ 
of 
ACKNOWLEDGEMENT 
It is a pleasure for the author to acknowl~dge the 
help he has received from various sources during the course 
of this work: to the Kendall Company for financial aid in 
the form of a research fellowship which made the work poss-
ible; to Dr. Norman Lichtin for his capable direction and 
helpful advice during the course of the research; to the 
members of the Department of Chemistry who were most 
generous with their advice and loan of equipment_ and instru-
ments whenever such help was asked, and to the members of 
the staff of the Kendall Central Laboratory who were always 
most cooperative. 
Table of Contents 
I . Introduction ••••••••••• ••••••• •••••••••••••.••••••••• i 
A) Purpose of the research •••••••••••••••••••••••• 1 
B) Liter ature background ••••••••••••••••••••••••• ii 
1) Work of Hlasiwetz and Habermann us ing 
cl1. lorine •.•...........•••.......•....•.. • ii 
2 ) Work of Honig and Tempus t1S ing bromine •• ~ ii 
3 ) Work of Hgnig a nd Ruziczka using bromine.~iv 
4 ) Other exper iments using oxid izine: chlo -
rine .•......... ..• .................•..... . v 
5) Oxidation of ~lucose Ti i th bromine in buf -
fered aqueous soluti on •••••••••••••••••••• v 
6) The kin etics 
Yiith bromin e 
z ero degrees 
of the reaction of glu cose 
in bufferEd solut 16n at 
c. . . . . . . . . . . . . . . . . . . . . . . . . vii 
II. Discussion of Experiments •••••••••••••••••••••••••• 1 
A) Exper iment s involving i solation of fr luconic 
aciCl ••••••••••••••••••••••••••••••••••• •• • •.••• 1 
3 ) The kinetic study of the reac t i on of glucos e 
n i th ch lorine wat er •••••.••• ••• ••••••••••• • •••• ? 
1) Discuss ion of c ertain r ate l aws used in 
treat me nt of the deta ••••••••••••••••••••• 8 
2 ) Correction for non -o. ·idative los ses of 
active chlorine •• ••••••••• •••••••••••••••• 9 
0 
a) Exper i ment E-l; reaction at 0 c. .••• •• 9 
b ) ::::;xperimEnt K-2 ;r·eac t ion at 9,!::0 '1-JU c t •.••. 9 
c ) Experimsnt. K-3;react.ion at 0 25 c. • • • • 11 
C) Prenarntion of chlorine water us ed in the 
1 • -t. . . t 1~ t;. ln e .lc e:xpe r:unen .s ••••••••••••••••••••••••••• o 
III . Sxp erime:ntal Det a ils ••••••••••••••••••••••••••••• 13 
A) 3xper i ments invol v ing isol at ion of gluconic 
acic1 ........... . . ............. ...... . . ........ • 13 
1 ) ~xp er ime nt I - 1 . . . . . . . . . . . . . . . . . . . . . . . . . 13 
2) Exper iJ11ent I-2 . . . . . . . . . . . . . . . . ~ . . . . . . . . 16 
3 ) ~xp erimG nt I-3 • • • • • • • • • • • • • • • • • • • • • • • • • 19 
4 ) l!;:x:periment I-4 • • • • • • • • • • • • • • • • • • • • • • • • • 21 
E) Ki netic s t ud ies • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 24 
l) ~:x:p erime nt at • • • • • • • • • • • • • • • • • • • • • 24 
a) Exper i ment K- 1 • • • • • • • • • • • • • • • • • • • • 24 
• • • • • • • • • • • • • • • • • • • 28 
a ) ~xperime n t K-2 • • • • • • • • • • • • • • • • • • • • 28 
b ) ~xp e r ime nt K- 3 • • • • • • • • • • • • • • • • • • • • 3 1 
I ... V. Su nm1ar y ••••••••••••••••• •• • • • ..... .. . ......... . .. 02 
~ v. Conc lusions and su ~ge stions for fu t ur e work ••••• 33 
I 
VI . Sour ces of r eagents ·· · ····•• •• ••• •• ••••••••••••• 39 
VII. Bi b liograpl1y ••••..• .•.•••••.••••. •••• •• •• ••.• •.• ~:.: 0 
VIII. App endix • •• ••• • •• • •••••••• ••••••••••••••• • ••••••• ·1 
The Inorganic Chemistry of Aqueous Chlorine So lu -
t io ns . 
A) The hydrolys is of chl orine • • • • • • • • • • • • • • • • • • • 1 
E) The prepar8t i on of h yp ochlorous acid •••••••••• 1 
C) T'he decompos it i on of cb l orine w.ster s o1t1t i ons . 4 
D) Ana lys is of ch lorine wat er solu t ions • • • • • • • 8 • 6 
• • • • • • • • • • • • • • • • 9 • • • • • • • ~ • • • • 6 
2 ) ic{.Qa nt i ta ti"VG . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
3 ) El ectrometr i c rnethods ••• • • •• •••••••••••• 9 
:: ) ~J Bi b 1 iogr apl:.y ••••••••••••••••••••••••••••••• • 1 OA 
List of Illu strations 
Gr aph s: 
I. Th e re a ction of g l ucose with ch l ori ne wa ter at 0°c . 9 - A 
II. Bl a nk run dat a f r om tab le II •••••••••••• ••• ••••••• 10-A 
III. Bl a nk r u n data f rom tab le II • • • ••••••••• ••• • ••• ••• 10-B 
IV . Heaction of g lucose 1vith chlorine WHter at 25°c . 
Dat a from tab le II. •••••••••••••••••••••••••••••••10-C 
v . Bl a nl" rLln• Data from table III-A •••••••••••••••••• 11-"~ 
VI . Bl o. nk correction d a ta. From t able III-A •••••• ••• • • 11 - 1'3' 
VII . Reaction of g lucose Tiith cblo~ine water at 25°C . 
Dat a front tab le III . • .............................. 12-.. {\ 
A) " Zero - order plot 11 ••••••••••••••••••• • ••••••••••• 12-A 
B) 11 Fi.rst-ord.er p lot" ••• • ••••••••••••••••••••••••• 12-l'r 
C) 11 0ne and one -half..-order plot" ••••••• •• ••••••••• 12-c 
D ) II ~· d -'1 ~ • 1 t 11 ,r-. D i:;iecon _-oru . ..;;r p o ••••••••••••••••••••••••••••• _G -
Tables : 
I . Table I . Data from exp eriment K-1 •••••••••••••••• 24-A 
. II. Table II. Dat a from exp erime nt K-2 ••••••••••••••• 3 0-A 
III . Table III. Date. from exp eriment K-5· ••••••••• • •••• 31 - A 
IV. Tab le III-it . Data from blank run for experime nt 
K -3 • •• • •• • • • • •• • • • • • • • • • • • • • • •• • ••••••••••••••••• 31 - E 
v. Stand. erdization d ata ••••••••••••••• ••• ••••• •••• •• 37 
INTRODUCTION 
The study of the action of chlorine-water on carbohyd-
rates in general and glucose in particular has been neglec-
ted almost entirely. This fact is surprising when one con-
siders the tremendous quantity of chlorine bleaching which 
is car ried out in industry, espe~ially in the textile indus-
try. It seems that much of the work on halogen oxidation 
of sugars has centered on the development of procedures for 
- - ·-· ··-
the production of gluconic acid! .. certa~n salts of which are 
of considers.ble medic~nal interes~ . ( 1). Procedures have been 
developed whereby bromine can· be caused to oxidize d-glucose 
'. . - . ·- - . .. . . . . .. · -··· - . 
to gluconic acid in near-quantitatiye yi~ld (6). In those 
few cases in which chlorine has been employed as oxidant, 
(cf. p. v) lower yields of gluconic acid have been reported. 
Consequently, most of the studies, both from a laboratory 
and a commercial standpoint, which hav~ .employed halo~en ox.-
idants as a means of preparing gluconic acid have been con-
cerned with bromine. 
At the start of this research, the action of solutions 
of chlorine in water on glucose was a fundamental problem 
which had not been explored to any great extent. It was, 
then, the purpose of this research to initiate a detailed 
study of this reaction and help lay the foundation for 
future work which, it is hoped, will fill a gap in the litera-
ture. 
i. 
The first phase of the work involved the action of 
chlorine water on glucose under conditions where the action 
of bromine was known to produce near-quantitative yields of 
gluconic acid. The object was to compare the y·ields of glu-
conic acid produced by the two oxidants. The second phase 
consisted of kinetic runs at two temperatures, zero and 25 
. . -
degrees, respectively. The progress of the reaction was 
followed by quenching aliquots from time to time, and ob-
serving the variation in chlorine titre. 
LITERATURE BACKGROUND 
By treating lactose with bromine-water in a sealed tube, 
Hlasiwetz (2) produced the first aldonic acid by halogen oxi-
dation of a sugar. I~ an extension of oxidation studies of 
this type t o other sugars, Hlasiwetz and Habermann (3) found 
that they were able to oxidize glucose to gluconic acid by 
the use of chlorine in aqueous solution at room ~emperature. 
A rather dilute solution of glucose was treated with gaseous 
chlo r ine as long as an absorption of gas could be detected 
(4 to 5 days in the case of large quantities of glucose). 
The reaction mixture was freed of excess halogen by bubbling 
through air, and was then heated in an evaporating dish and 
ii. 
neutralized with a slurry of silver oxide. There then fol-
lowed filtration, washing the solid with hot water, treating 
the filtrate with hydrogen ~ulfide, _ filtering, an~ finally 
concentrating the solution on a steam bath. The crude gluconic 
• 
iii • 
acid was reported to contain unoxidized sugar, as a rule (math-
od of detection not given), and the pure gluconic acid was 
.isolated as the crystalline calciUm. salt. The amount of 
hydrochloric acid pr~duced in the react ion mixture was not 
mentioned explicitly. 
In the above paper, no data is given on the concentrations 
of sugar solu~Jons used_ or on the yields of g luconic acid 
obtained. Obviously, there was no control of pH during the 
course of the reaction. 
Honig and Tempus (5) studied the effects of changing 
the concentrations of the various species present in the 
bromine-water oxidation of glucose in the presence of excess 
. -
bs.rium hydroxide. They concluded, as a result of their work , 
that the most favorable conditions for the reaction were the 
use of a dilute sugar solution (1-10%), and as small an ex-
cess and concentration of barium hydroxide as was possible 
consistent with keeping the reaction mixture alkaline at 
all times. The use of heat was not_possible because the re-
action became too drastic with deep-~eated decomposition of 
the sugar molecule. If 1 mol. of gluc?se were reacted , re -
spectively., with amounts _of _nactiyen bromi~e equivalent to 
1, 2, 3, and 4 atoms of oxygen re spectively, the chief pro-
ducts in the first three c~ses were gluconic acid, a keto-
gluconic acid (reported as the 2-keto gluconic aci~; the pos~ 
ition of the keto group was disputed, however (13).) and ara-
bonic acid, respectively; in the fourth case, a complex mix-
ture arose which contained various lower acids, among which 
formic and acetic acids were detected , among others. 
Using the information obtained in the above article, 
iv. 
Honig and Ruziczka (4) developed a procedure for the prepar-
ation of calcium d-gluconate _by the alkaline-hypobromite (or 
hypochlorite) oxidation of d-glucose; their procedure obviated 
the use of silver and/or lead salts. It was found that the 
most favorable yields were obtained if ~ 1% sugar solution 
were treated with an exactly tenth normal solution of the 
hypohalite, the am?unt of oxidant employed corresponding to 
one atom of oxygen. Enough alkaline earth metal hydroxide 
was added at the start to neutralize the acid oxidation pro-
ducts formed, _i.e. 1 equival~nt_ barium hydroxi~e per equiva-
lent glucose when bromi!le equivalent to 1 mol oxygen was used. 
The reaction mixture was exposed to ultraviolet radiation 
until all the oxidant and sugar were used up (i.e., no test . 
with starch-iodide paper and no reaction with Fehling's sol-
ution). From time to time, the solution was tested with 
phenolphthalein solution and N/10 barium hydroxide was added 
in measured amotmts sufficient to restore alkalinity. In the 
case of barium hypobromite, _ the barium was _removed ,partially 
by saturation of the solution, at its boiling point, with 
carbon dioxide, filtration, evaporation under reduced pressure, 
analysis for barium, and the addition of the ,calculated 
quantity of sulfuric acid necessary to remove any barium 
still present. The solution was then filtered, an aliquot 
titrated for acidity and neutralized ~ith precisely the cal-
culated quantity of calcium carbonate. Purification depends 
on the fact that calcium bromide is somewhat alcohol soluble: 
the solution, con~entrated to a syrup consistency, _:ras poured 
into absolute alcohol to precipitate the calcium d-gluconate, 
leaving most of t he calcium bromide in solution; the alcohol 
precipitation was repeated until the product was free of 
halide. 
Calcium hypochlorite could be substituted f or the barium 
hypobronnite, and calcium hydroxide for the barium hydroxide. 
- - . 
However, less fa vorable yields were obtained, and a longer 
time was required for the reaction to go to completion (79.8:l& 
v. 61.3%; crude products; 30 minutes v. 3 hours). 
Ochi (13) was able to oxidize 50% of glucose to gluconic 
acid (together with small quantities of oxalic and saccharic 
acids ) by the use _of bleaching powder (0.05 mol sugar to 0. 05 
rr..ol hypochlorite); the most favorable yields were obtained 
if calcium h ydr oxide equivalent to the acid produced were 
added. It should be noted that this publication toge ther 
with those of Honig and Ruziczka (4), and Hlasiwe tz and 
Habermann (3) are the only examples found in the literature 
where oxidizing chlorine has been used as the sole oxidant 
in the p reparation of d-gluconic acid from d-glucose. 
Hudson and Isbell (6) used aqueous bromine water in buff-
ered solution, and in the dark; glucon~c acid _was obtained 
in excellent yield. Bromine (6 cc., 0.12 mol.) was added to 
v. 
an ice-cold solution of 18 g. (0.1 mol) anhydrous glucose 
and 60 g. (0.1 mol) of barium benzoate in 750 cc. of water. 
After 36 hours standing in the . dark, .the mixtu!'e gave . a 
negative test with Fehling's solution. The excess bromine 
¥ • • • • - . 
was removed with a stream of air and the barium pre cipi ~a ted 
quantit~tively with 5N sulfuric .acid (about 60 cc. was re-
quired). The barium sulfate was filtered off by suction 
after the addition of 10 g. of active carbon. The h ydro-
bromic .acid was removed .with 27 g. lead carbonate, followed 
by 5 g. silver benzoate. (A more rapid removal was reported 
if 28 g . silver carbonate were used in place of the lead 
salt). Lead and silver we r e removed from the solution by 
saturation with h ydrogen su lfide. The filtrate was concen-
trated to 200 cc. and the benzoic acid removed by chloroform 
extraction. The resulting aqueous gluconic acid solution 
vi. 
was colorless and did not reduce Fehling's solution. Neutral-
ization was carried out with calcium carbonate. The solution 
was concentrated to 75 cc. and the crude product pr~~~pitated 
by the addition of 10 volumes of 95% alcohol. The purification 
of this solution was effected by its solution in 100 cc. of 
boiling water, a ddition of 2 g. of . act~ve carbon, filtration, 
concentration of the filtrate to 50 cc. and the addition of 
a small amount of alcohol. The mixture was allowed to stand 
over night in the refrigerator, the crystals sep~rated, wash-
ed with 50% alcohol and dried. The yield was 20.2 g. of 
crystals. Only 0.25 g. was obtained from the mother liquor. 
• 
Total yield of recrystall~zed product: 96%.[ ..(}1D0 + 8.5° in 
about 3% aqueous solu.tion. 
Isbell and Pigman ( 8) carried out studies vvhich showed 
definately that in the oxidation of glucose at the pH range 
- . 
of 5-6 the lactone was f ormed directly vQthout the formation 
of the free aldonic acid as inter~ediate. They carried out 
kinetic studies (barium carbonate-carbon dioxide buffer at 
0.3° c. ~ 0.3°) in the presence of a sufficiently large ex-
, ' . . 
cess of bromine to insure a monomolecular reaction; it was 
shown that the best correlation of rate of reaction with 
concentration of oxidant was found with free bromine assumed 
to be the oxidant. Pseudo first order reaction rate constants 
(K) were determined(from the equation 
aK = l log( A ) 
t A-x 
a : concentration of oxidant, A = concentration of sugar at 
t : o, x. sugar oxidized at time, T, ) 
to be for 0\ -d-glucose 0.026, f--d-:-glu<?ose 1.39. Under the 
conditions used ( concentration of glucose 0.05 mol per liter, 
concentration average bromine - by thiosulfate titration -
0.332 mol per liter) Oxidat ·ioli of' ·. an · e quilibrium ·s.ohlt i-on-
vii. 
DISCUSSION OF EXPERD t;ElfTS 
Experiments involving the isolation of gluconic acid. 
The experiments we carried out fell along three lines: 
the chlorine-wEtter oxidation of glucose in ihe dark, chlorine 
water oxidation with exposure to direct sunlight, and bromine 
oxidation of glucose • The experimental conditions used 
were patterned after those of Hudson and Isbell (6), modified 
to the use of a barium carbonate-carbon dioxide buffer in 
place of the benzoate buffer used by these authors. (Other 
work has shown the carbonate buffer to be suitable for this 
type of oxidation (8)). Our reaction mixtures were worked 
up according to the procedure of Hudson and Isbell, the ob-
ject being to see whether gluconic acid was p~oduced, and, 
if so, to see how the yields compared with those in the 
bromine procedure. 
Some of our experimental conditions were changed from 
those of Hudson and Isbell because of the fact that bromine 
is liquid whereas chlorine is gaseous under the conditions 
employed. While in the b~omine procedure, the halogen is 
added to an ice-cold aqueous solution of the halogen in 
water with barium benzoate present, this procedur e had to be 
altered: our chlorine water was prepared by bubbling slowly 
gaseous chlorine from a tank, first through distilled water 
saturated with chlorine then through distilled water contained 
in a 250 ml. Pyrex gas-washing bottle which had been painted 
black. The bubbling was continued until constan t we ight of 
1. 
the bottle was maintained, and the gain in weight of the 
bottle taken as a measure of the chlorine uptake. If the 
bubbling of the gas is attempted at the temperature of an 
ice-bath, there separates out the yellow-green crystals ~f 
chlorine hydrate, Cl2•8H20, which is stable at this temp- . 
erature (10). This results in the clogging of the filter-
stick stem, and fri tted glass cylinder _of the gas washing 
bottle. Consequently, the saturation had to be carried out 
at room temperatur e a Because of the relatively small sol-
ubility of chlorine, the water had to be saturated first with 
the gas before the addition of the glucose, thus reversing 
the order of addition used in the published bromine pro-
cedure. In addition, Hudson and Isbell added bromine to 
the reaction mixture which already contained a benzoate 
buffer; thus the buffer was present at a~l times, not only 
while the sugar was being oxidized, but also while the hal-
ogen was being added. Since the halogen added to the re-
action mixture was determined by the gain in ~eight of a 
flask containing water (see below~, saturation in the pre-
sence of a carbonate buffer was not possible. 
In oxidation with bromine, gluconic acid in the form of 
its crystalline calcium salt was isolated, the product id-
entified by taking its specific rotation. The yields which 
we obta ined were significantly lower than those reported 
in t~e original procedure. However, at the end of our run, 
a positive test with Fehling's solution was obtained, in-
dicating that all of the sugar had not been oxidized . In 
2. 
• 
addition, a stick_y · syrup was isolated from the mother liquor 
which did not crystallize on several weeks standing in the 
refrigerator. The reaction mixtures from the two chlorine 
runs were worked up as in the case of the bromine run. From 
each reaction mixture, there was isolated a sme.ll amount of 
. . . 
crys~~lline . mrlteri~l whose specific rotation was _in the neigh-
borhood of that reported for calcium d-gluconate; in each 
~ . . - .. 
case, however , the amount of material was so small that ex-
tensive purification could not be carried out . 
~~en the oxidation was carried out with chlorine with 
exposure to direct sunlight, and the isolation carried out 
as before, there _resulted a vis~cous dark-brown syrup with 
a disagreeable odor. The syrup did not crystallize on a 
months standing in the refrigerator; addition of glacial 
acetic acid to a pcrtio~ o~ _the. syrup and long standing in 
the cold likewise did not produce crystallization. In this 
case, unlike the oxidations with chlorine and bromine at 
room temperature and in the dark, the reaction mixture de-
veloped a deep yellow color and an odor during the course 
of the reaction. 
In each case where chlorine was used as the oxidant, 
no excess halogen was found present in the solution as shown 
by a negative test wifu starch-iodide pape r ; that excess 
~ . 
bromine was present at the end of the bromine experiment Was 
indicated by its color and a positive test with starch-
iodide paper. 
3. 
The isolation procedure for obtaining gluconic acid 
involved the removal of excess halogen with a stream of air 
. . . 
or of carbon dioxide. Subsequent steps of the procedure 
were carried out as described above. Explicit details are 
to be found in the Experimental seetio!l be~ow. 
Hlasiwetz and Habermann {3) believed that gluconic acid 
was not formed directly in the reaction mixture, but that 
there was formed initially a d~-chloro compound, the two 
chlorines of which were replaced wiith ?ne atom of oxygen by 
subsequent treatment with silver oxide. They failed in 
their attempts to isolate such an intermediate from the re-
action mixture. It is believed at present that no such inter-
- . 
mediate di-chloro compound is -formed in aqueous solutions (1). 
Yet, it is strange that the removal of halide ion from the 
oxidation mixtures by lead or silver salts is not instant-
aneous. If the ha logen in the reduced form were present 
in the solution as the simple halid~ I.o~, its reaction with 
heavy metal salts would be of a simple ionic nature, and 
.. - - - - ·-. 
as such would be expected to take place i?stantaneously, or 
practically so. ?fet , both Hud~on and Isb~ll ( 6) and Hor:tig 
and Tempus {5) ~tate or i mply that such is_ not tf.l~ case. 
Thus it seems to us that a po~sible explanation for the ob-
served slow removal of halogen is the existence of some inter-
mediate compound in which there is either an actual carbon 
to halogen bond or a complexing of the halide with the or-
gan ic material in the solution. 
4. 
A second interesting observation is to be found in the 
fact that the halogen oxidation carried out with direct ex -
posure to August sunllgh~ producedcoloration and odor which 
was not found in- those runs in which there was no such ex-
posure. The reaction was carried out in the summer, and it 
may be that the coloration and odor were not produced by 
decomposition due to light-catalyzed reactions alone, but 
by the combination of light and heat, or possibly by the 
- - . - . 
heat of the sun alone. Thermally induce_d decomposi tiona 
have been noted in the case of bromine-water oxidations (5). 
Furthermore, when silver carbonate _ was added to the solution 
in the course of the procedure of working up the reaction-· ., 
mixture, it turned black, and more of the salt was needed 
to free the solution of halide than in previous cases where 
. - . 
there was no exposure to ~~nlight (see exp~rimen~-~1 section 
below). This ~lackeni~g of th~ - salt rna¥ have been caused 
by reduction to elementa~y silver, brought a'J?out by the 
action of some de gradatio~ produ?t ?~ the sugar, some alde-
hydic material such as acrolein or formaldehyde. The ex-
tensive tar formation may have been caused, in part, by 
the polymerizatio~ of this aldehydic material. 
It was evident from our initial studies tha~, whatever 
the case, chlorine and bromine acted differently. It was 
establiS.hed also that gluconic acid was not the major pro~ 
duct isolated. (There does exist the possibility that cal-
cium d-gluconate was a major constituent of the syrups we 
5. 
obtained, and was prevented from crystallizing by the pre-
sence of impurities; this was not established. One source 
of such impurities might be the presence of a small amount 
of chloride in the reaction products. . 1'?~ _ amcmnt o~ heavy-
metal salts used in the working up of reaction mixture 
. . 
in experiments I-1, I-2, and I-3 was slightly below the 
q~antity necessary to remove the halide ion theoretically 
formed in the reaction. A future isolation experiment is 
planned in which one modification will be testing for the 
absence of chloride after treatment with heavy-metal salts; 
see suggestions for fu~the_ J:' work, P.·~~). I!?- any event, it 
was decided that one possible course of future experiment-
. . . ~ 
ation might consist in _?arr.ying out the oxidation with 
chlorine water, and isolating or analyzing the products 
formed. It is evident that the number of products which 
·- .. 
might be ~()rmed in such _a reactio!l is _ ~arge, wlJ.en it ~s con-
sidered how many dif~erent mat~ria~s could l?e formed _by _ _ ..
oxidation and cleavage of the glucose chai~. It is also a 
well-known fact that the separation and identification of 
- . . ~ 
such carbohydrate fragment~ - i~ gener~lly m()st difficult~ .. 
It followed that if rea.ction conditions could be found such 
that the reaction would give rise to as few products as 
.. - - - . 
possible, a problem of great difficulty could be simplified. 
The prod~cts _ from such a reaction would be correspondingly 
easier to isolate, _and might allow the development o:f an~­
lytical methods applicable to the solution of the more com-





A promising avenue of approach was uot s a in the oxi-
dation experiments of Hurka (~).Using as oxidiz ing age nt 
potLssium iodate in sulfuric acid at l30°,Eur ka noticed 
that ri heL1 a parameter of oxidant consumec is plotted against 
time,the resultin~ cur-ve is uot smooth and continuot(s. There 
are pl ateuus formed wfuich Hur ka believes may be corre-
1 a ted Vi i th. the format ion of d iffel" 6 nt oxidation product s. 
It ~as dec i ded that such a study carried out ~ ith ch lorine-
u a ter as oxid a nt mi r ht be instruct i ve,and mi ght g ive an 
inkling of Tiha t sort of products wer e produced , thu s making 
the s earch for a n ana l ytical method proceed in a more ord er-
ly fash i on . 
C onsequeot 1 y , a systematic kin <::t ic stud y of t he ac +i on 
of c hlor i ne -~at ~ r on glucos e was initiated • As buffer was 
chos en t he s :Jme carbona te buffer syste:r.1 that vu-: s pr·ev ious-
l y ernp loyE-o • .ii.t this pli of the system (pH of 5 . 9) substanti -
a l ly a ll · the oxidizing ch lorine in the s ol ut io n is present 
as nypochlorou s acid (96~b , approximats l y ) (11) •. l1.s initial 
tempGI' 8.t ure,z s r·o degrees C. was chosen . An e;~cess of halogen 
ovGr and ar) ove that calculated for the complete o~~idnti o n 
of gl ucose to carbon d ioxide and water wa s includ ed . ~hen 
the r e ~ ction under these conditions was found to proceed too 
sl ow l y , ths relative rati c of glucose to active chl orine 
was i ncreased t o one mol . s lucose to a bout three mol. active 
cb lorin e. , andi the r(~action tempernture was incre f;sed t o 25°c. 
Under t hese cond itions , t ~e r eaction u a s found to proceed at 
a slow but mensu r ab le rate . 
7 . 
The reaction was followed by withdrawing aliquots from 
time to time, quenching the reaction by J?ipetting into stand-
ard arsenite solution, . _and back-titrating the unused arsen-
ite solution with standard iodine (starch end-point). The 
arsenite consumed was a measure of the active chlorine still 
present in the reaction mixture. Various functions of 
hypochlorous acid concentration were plotted against time. 
The data was treated as though the reaction were zero 
order in glucose and dependent only on the concentration of 
active chlorine (expressed as hypochlorous acid) • The rate 
equations corresponding to zero, first, 1.5, and second order 
reactions in hypo"chlorous acid were applied, and appropriate 
plots made. 
If the reaction were zero order in hypochlorous acid! 
the rate of reaction would be dependent only on time. That 
is to say, - d(HOCl) : K, which _ on integration yields 
-dt 
(HOC1) 0 - (ROCl)t = Kt. It fo~lows, then~ _ th~t for such a 
zero order reaction, a plot of _hypochlorous a~id conc~n~ration 
against time should be a straight line with slope of -K. 
For a first order reaction, the correspond~ng equation 
would be - d(HOCl) ~ : K(HOCl), which may be integrated to 
dt 
ln(HOC1~ 0 - ln(HOCl)i Kt or log(HOC1) 0 -log(HOCl)t = 0.4343 Kt. 
A. plot of the logarithm of concentration_ would _yield a 
straight line of s lope -0.4343K, if the reaction were of this 
- - " - . 
order. 
A .reaction ·1.5 o11der · hi ·hypochl'or~ous :aci·d; · expressed. by 
8. 
9 . 
the equation d(HOCl) dt 
K(HOC1) 3/ 2 the rate law which yields 
the equation 
( (HOCl)~t-
1 1 ! iKt on integration. 
( (HOCl)o ) 2 
A plot of reciproca~ square root of normality against time 
would yield a straight line of slope K/2:. 
The e~pression for a second order reaction would be 
- d(HOCl) - K(HOC1) 2 which may be integrated to 1 -dt - - . ... .. . . . . . .. . (HOC"Ij . . . 
1 : Kt. In this case plot of reciprocal concen~ration 
. (HOCl) 
0 
. . . 
against time is linear, and has a slope equal to K. (In 
the above expressions, HOC10 refers to the ini~ial concent-
ration of hypochlorous acid and HOClt refers to the hypochlorous 
ac id concentration at time, t.) 
~nLen the data from the "Multi-point run"~ experiment K-3 , 
_:;:--,.· ;.\.: 
was treated in this manner , it was found that first-order 
~ 
plot best fitted the data over the greatest r ange. From this 
graph plot and the equation log (HOCl)t 
(HOCl) 0 = 2~3 (t) (initial 
glucose concentration), an approximate value of the pse~do­
first order rate constant K was calculated as 4.08 hr-1 • 
No correction factor for non-oxidative losses of HOCl 
was applied to those points from experiment K-I, as the pur-
pose of this run was exploratory and was intended to aid the 
determination of conditions necessary for carrying out fut-
ure work. (See P·~~) 
The correction factors in the case of experiment K-II 
were determined in the following way: before the _addition 
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solution was forced up into a foil-wrapped 100 ml. pipet 
( atomiser bulb). and transferred to s. 300 ml. black painted 
three-necked flask provided with ground joints. The flask 
was placed in the thermostat beside the reaction vessel, and 
was fitted with a glass stirrer 1 inlet tube fo~ ca·rbon dioxide 
and glass stopper as was the main reaction vessel. Aliquots 
were withdrawn from time to time, and the chlorine titre 
determined by quenching in excess arsenite, and back-titra-
tion in the usual way with standard iodine solution. 
It was assumed that the decrease in active chlorine 
titre (calculated as hypochlorous acid) obeyed the equation 
- d(HOCl) = K(HOCl), which on integration yields 
dt ' 
log(HOC1) 0 -log(HOCl)t: 0.4343 Kt. [CHOC1} 0 _: concentration 
of hypochlorous acid at t : 0, (HOCl)t .:: concentration at_ 
time, t.J Logaritbm10 of the concentration of ?ypoch~orous 
acid was plotted against the time of quenching and a straight 
line was drawn through the points. (Except for some devia-
tion a t t)9~ hours, the da ta was found to be linear; thus 
the assumption that non-oxidative losses of active chlorine 
obey the first order rate law seems to be justified). 
From the slope of the line, K, the per cent loss of hypo-
chlorous acid per hour was determined as 0.26. For the in-
terval between each two points of concent~ation, c 1 and c2 . 
respectively, at times t 1 and t 2 respectively, the time in-
terval ~ t 1 2 was determined. The time interval A t 1 , 2 mult-, 
iplied by the quantity K, (K : 0.26) gave the total per cent 
10. 
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J-1.}1.5. 
loss of hypochlorous acid in the time interval in question, 
At. This latter quantity, vvhen applied to the mean concent-
ration Cl 1' c2 
2 
gave the differential correction factor Q; 
the sum of the differential correction factors up to the 
point gave the integral correction factor I, the quantity to 
be added to the observed h~~ochlorous acid concentration. 
Thus: 
t = t 
L - ~:.I 
t = 0 






In K-III, the blank correction was determined by follow-
ing the decomposition of chlorine solutions contained in 
three 3-L flasks painted black, containing barhun carbonate, 
and thermostatted and fitted as were the flasks used in the 
actual run. Solutions of three concentrations were used, 
approximating the initial, one-half the initial, and one-
tenth the initial concentration of hypochlorous acid used in 
run K-3. Aliquo~s were withdrawn each day, quenched in 
standard arsenite solution and back-titrated with standard 
iodine solutions in the usual manner. The pH of the burrer 
was determined as 5.90 t 0.08 with the glass electrode in 
the usual way. (Leeds and Northrup no. 7662 pH indicator 
was used). 
The correction factor was calculated in a fashion simi-
lar to that described for experiment K-2. For each of the 
11. 
• 
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initial concentrations of blank solution (b1 , b2 , b3 , where . 
b1) b2 ). b3 ) the mean per cent loss of hypochlorous acid con-
. ~ . - - -
centration per hour was calculated (K1 , K2, K3_ ~ .30, .17, .07% 
per hour, respectively). All points of the run fell between 
b1 and b3 with respect to hypochlorous acid concentration. 
The initial concentrations (bl, _b 2 , and .b3 ) were plotted 
against the rate of loss of hypochlorous acid per hour 
(K1 , K2 , and K3 ) and the points connected by straight lines. 
For two points cl and c2 , at times t 1 a~d _ t2 respectively, 
the mean normality of hypochlorous acid, c, ,. c2 , and the 
2 ' 
time interval, t2-t1 , were calculated. The per cent loss 
per hour (K1 2 ) was determined by reading from the graph 
- . , 
that value of per cent loss "HOC111/hr. corresponding to the 
mean concentration cl 1' c8 • The product of K1 , 2 and 2 
(t2-tl) yielded .the total per cent loss. The J?roduct of the 
latter and cl "' c2 2 
yielded the differential correction 
factor Q. The summation of the Q. vs.lues gave the integral 
correction factor I, the sum c2 + I corresponds to the correct-
ed hypochlorous acid concentration. Functions of'· this ·. correct-
ed hypochlorous acid concentration were plotted against time. 
Thus : 
t • t 
~ · Q =I ; c2 t I= corrected normality. 
t = 0 
The initial concentration, of course, required no correction. 
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The plots of concentration of hypochlorous acid against 
time ~ er e continuous,and ,unlike the iodic ~ cid oxidations 
of Eurka (7) showed no pl ateaus . 
In spection of the curves from experiment K- 3 s hows that 
the rat G of rebction is not const a nt ov er t he ran ge of dat a 
con s id cred ,but is slorier at f i rs t a nd then increa s es at t ime 
greater t r; a n ab o1.1t six hoqrs . This behavior may be expla i ned 
by consioer·ing the slow stnge of t11e reacti on t o consist most -
ly of attack on glucose itself ··'i ith the fonn8tion of cert a in 
primary oxid ation products. The ox idation of these pro -
ducts proceeds faster than the oxidation of glucose 
its e lf , thus accounting for the increuse in rate. In other 
words ,once a molecule of g lucose is partially oxidiz ed , 
fur ther oxidation of the molecule or o+ the species arising 
f r om tnis initial oxidati on rJill L1S6 up hyp oc hlorous acid 
more r ap i dly tna n will residua l uncha nged glucose . Dhen it 
is consieGred tha t on e mole of glucose ca n , in the or y , c on-
Sl1lflG tv.' ent y-four equi11alents of hypoc h loroL1S acid in under -
goin ,s::· comp l ete ox id ati on to car bo n dioxide El nd w::· t6r , the 
exist e nce in a re action mixture of a r a tio of one mol. of 
Glucose to s i x equi~ a l s nts of hypochlorous acid COQSti-
tut e E a l arge excess of g lucose . Such an excess wou ld jus -
tify the c.ssumption that t he initia l concentration of g lu -
cose 1;enmins virtually constant throu 9'hout much of the ox ioa -
tion.In other words, the pseudo - first order kinetics a c t ua ll y 
found would be pr sdic ted • 
12 E. 
The reactlons were run in the da1 ... k ancl in an atmosphere 
of carbon dioxide, previously bubbl~d through distilled 
water saturated with carbon dioxide. 
Chlorine water was prepared by passing gaseous chlorine 
13. 
from a tank first through saturated chlorin~ water, then thr~ugh 
distilled water and barium carbonate contained in a 1 L. fil-
ter flask which had been painted black; prior to the passing 
in of chlorine, the water was first saturated with carbon 
dioxide. Titration to determine the approximate strength 
of the chlorine-water thus prepe.red was cari•ied out in the 
usual way with standard arsenite solution (starch-iodide 
paper as an external indicator) or indirectlyb;y pipeting a 
sample into_ excess arsenite solution and back-titrating 
with standard iodine solution (starch solution as an indicator (9)). 
The concentrations of chlorine water were corrected 
for loss due to decomposition on s~anding, the corrections 
being determined and added in the way mentione·d ·a.bove. It 
was further e3 ~tablished that the iodine solution did not 
react with the organic reductant at a rate sufficiently ra-
. . . 
id to cause appreciable error in the titration of the un-
used arsenite. 
EXPERTMENTAL 
Experiment I-1: Bromine oxidation of d-glucose in the dark. 
Anhydrous glucose (3.5 g., 0.0195 mol) was placed in a 
250 ml. ring-necked round bottomed flask with 146 ml. of 
water and 5.76 g. (0.029 mol) of' barium carbonate. The 
mixture was cooled in an ice bath while a current of carbon 
dioxide was passed in. This was continued for several min-
utes, shaktng the flask from time to time. When the flask 
and its contents were cooled by swirling for several min-
utes in an ice-bath, 1.2 ml. (0.023 mol) bromine was added; 
the flask was stoppered with a rubber stopper which had been 
coated with a varnish made by dissolving Vinylite VYNW resin 
(Carbide and Carbon) in a mixture of cyclohexanone and ace-
- -
tone, and allowed to dry thoroughly before use. The stopper 
was wired down securely, sha~en, ~nd put _aside in the dark 
for forty five hours at room temperature. At the end of 
this time, the flask was cooled in an ice-bath, opened, and 
the excess bromine removed by dra~ing a current of air 
through the solution. The solution gave a positive test 
with Fehling's solution. Barium was precipitated by the 
- -
addition of 6N sulfuric acid until no mor~ pre?ipitate of 
barium sulfate formed. Lead car?onate (4.79 g.) was a~ded~ . 
the solution stirred well and pl~ced in the_ refrige1~ator for 
several hours ; durin~ tlus time the ~l,ask was shake~ vig-
orously at intervals. After filtering the mixture and 
washing the precipitate with a small amount of cold water, 
0.586 g. (0.00212 mol) of silver carbonate was added to the 
solution at its boiling point. The solution was stirred 
vigorously, the solid allowed to settle, and the mixture 
filtered. The filtrate was saturated with hydrogen sulfide 
14. 
(almost instantaneous precipitation), filtered, saturated 
again and re-filtered. The excess hydrogen sulfide was 
removed by means of a stream of carbon dioxide and a water 
pump. At this point th~ solution was colorless. 
The filtrate was evaporated to a volume of about 8 ml. 
under reduced pressure, the vessel being immersed in a water 
bath at a ~emperature ()~less _ than 50°C. (At this :point, 
the solution had a yellow. c~lor, and reduced ~ehling's 
solution). The solution was diluted to ~8 ml., filtered 
and evaporatecl _ to dryness . on~ w.a~c~ . glas_s which was placed 
in a vacuum desiccator over concentrated sulfuric acid over 
night. A dry solid _ ~as left on _the watch glass, white in 
color but with a bro~~nish . ting;e. 
The solid was taken up in about 15 ml. of distilled 
water, and was poured into 10 volumes of 95% ethanol. After 
the mixture was c?o~ed to approxima~ely 0°C., it was pla~ed 
in the refrigerator. A sticky white solid was deposited. 
The mixture was allowed to stand until no more solid came 
down; it was then filtered, and the filtrate . evaporated to 
dryness. The residue was a sticky white syrup which did 
not crystallize on several weeks in the refrigerator. 
The white solid was taken up in 20 ml. boili.ng water, 
treated with 0.39 g. activated charcoal, filtered, poured 
into a watch glass, and kept in a vacuum desiccator over 
concentrated sulfuric acid until about 11 ml. of water re-
mained. A white oil separated out on the addition of a 
15. 
small amount of ethanol. The dish was replaced in the vacuum 
desiccator, and allowed to stand over night. 
On the next d~y, the oil had settled to the bottom of 
the glass in the form of greyish-white droplets of viscous 
tacky material. Evaporation of the solvent was continued 
by placing the glass on a warm asbestos board in the des-
iccator, and the evaporation allowed to proceed until about 
10 ml. of supernatent liquid remained. Absolute ethanol was 
added until cloudiness was produced in the supernatent li- . 
quid. The container was then covered and placed in the re-
frigerator. 
The crystals which separated out were isolated and 
dried. Yield : 0.83 es•· of product ( 21.8% of theory; [;j : t 7 .44. 
- -- - . . [) - -
(0.1348 ~· in 5 ml~ _water; semi-micro tube of length 1 dm.; 
~ obs. ~ 0 . 20°% 0.01) Purification by one further alcohol 
precipitati~n produced a product with a specific rotation 
l~lD •t 8.3 (0.105.5 g. in 5 ml~ distilled w~ter ; semi-micro tube 
of length 1 dm.; 0\ obs. :.0.175° f0.02). Literature value 
for Ca-d-gluconate ( 6) : \?- r-6 =--1-8.5°. 
. D 
Ex:gerimen~ I-2 : Chlori11e-water oxidation of glucose in the 
dark and iso~ation of gluconic _acid. 
A 250 ml • . Pyrex gas-wah~ng bo~tle painted black and equip-
ped with a fritted glass cylinder of coarse (grade C) porosity 
was filled with 244.7 g. distilled water . Gaseous chlorine 
was passed from a tank first tbrough saturated chlorine wa-
ter, then through the gas-washing bottle at a slow rate 
16 . 
• 
(about one bubble per second) until a constant weight of 
the flask was maintained when the bottl~ . was weighed on a 
platform balance. A total of 1.5 g. (0.021 mol) was taken 
up. 
The contents of the gas-washing_bottle was transferr-
ed quantitatively to a 250 ml. round-bottomed ring-necked 
flask containing 5.23 g. (0.0265 mol) barium carbonate, and: 
3.18 g. (0.0177 mol) glucose. The flask was stoppered, 
wired, and placed i~ the dark for two days. During this per-
iod, the flask was shaken from time to time. 
1Jilhen the stopper was removed a trace of chlorine was 
detected (starch-iodide paper) in the escaping vapors, but 
not in the solution itself. A few drops of the solution 
gave a slight but definate test with Fehling's solution. 
Calcium d-gluco~ate was isolated in a manner analogous 
to that described above (Exper iment I-1). The following 
reagents given : dilute sulfuric acid, sufficient for quant-
itative precipitation of barium, lead carbonate, 4.76 g. 
(0.0178 mol); silver carbonate, 0.0533 g. (0.00193 mol). 
After the silver halide was removed by filtration 
the filtrate was saturated with hydrogen sulfide and fil-
tered. Residual hydrogen sulfid~ was removed from the sol-
ution by heating the reaction mixture on a water bath under 
reduced pressure. The solution at this point had a light 
yellow color. The solution was concentrated to 95 ml. un-
der reduced pressure at a water-bath temperature that did 
17. 
• not exceed 50°C. At this point, the solution had a muddy 
yellow color, and gave a positive test vlith Fehling's sol-
ution. 
The yellow solution was filtered first through a t in. 
bed of activated charcoal and asbestos, and then through . 
filter paper. This treatment removed :a ll but the faint-
est tinge of yellow. The resulting solution was neutral-
. -· - - . 
ized with calcium carbonate; this treatment produced a dark-
. . . . 
ening of the solution to a di~ty ye~low color. Excess cal-
cium carbonate and any calcium sulfate(the latter from any 
excess of sulfuric acid used in the barium precipitation) 
was removed by· filtration, and the filtrate was filtered 
through charcoal-asbestos then through filter paper, as 
before, to remove the yellow color. The solution, which 
at this point had a volume of about 100 ml. was poured into 
10 volum.es of 95% alcohol . The fla sk was stoppered, an~ 
the resulting precipitate left to settle out over night. 
The mixture was filtered and the precipitate was wa sh-
ed with a minimum of cold water. The solid was taken up 
in about 90 m. hot distilled water. necolorizing carbon 
was added, the solution boil~d, filter~d, _ and finally c?n-
centrated over an open flame. A yellow color developed. 
The solution was filtered, ~llmved to cool, and . placed in 
the refrigerator over night •. 
The solution was removed from the refrigerator , and in 
as much as no crystals had formed, was con centrated to a 
18 • 
smaller volume on the 'steam·bath, filtered, treated with 
decolorizing carbon, and stored in the refrigerator over 
the weekend . (The solution at this point had a total 
volume of about 20 ml.). 
Inasmuch as no crysts.ls were produced, alcohol was 
added until a permanent cl~udiness was produced. Evap-
oration of a small amount of the liquid on a steam bath 
resulted in the deposition of a fine white preci~itate . 
The mixture was placed in the refrigerator over night. The 
precipitate was separated out, taken up in hot water , and 
the solu~ion filtered, and finally evaporated to dryness on 
a watch glass, and left in a vacuum desiccator.8J J 7.75 
. - . . D . -
(0.0581 g., the total amount of solid isolated, in 5 ml. 
distilled water, rotation taken in a semi-micro polarl~ete~ 
tube of length 1 ~·; observed rotation, o( :.+0.09° + o.ol). 
The mother liquor from the original a~cohol precip-
itation was distilled to dryness under reduced pressure 
(steam bath) and the distillate was collected. There re-
-. ' 
mained in the flask a very small amount of a light yellow 
solid which was taken up in _a small _ amou~t of the distillate. 
A few drops of the resulting solution gave a positive test 
with Fehling's solution. 
Experiment I-3: Chlorine-water oxidation of d-glucose in the 
dark and isolation of gluconic acid. 
Water ( 249.6 g.) was sat~rated with chlorine at room 
temperature in the manner described in experiment I-2 above. 
19. 
• 1.7 g. (0.024 mol) chlorine was taken up. 
The oxidation was carried out as described under ex-
periment I-1 above. The reaction vessel was a 250 ml. 
round-bottomed ring-necked flask which had been painted 
. . . . - -
black, and filled with carbon dioxide before the addition 
of the reagents. The reagents were used in the quantities 
given: chlorine, 1.7 g. ; (0.024 mol); _ glu?~se, 3.6 g. 
(0.02 mol); barium carbonate, 5.93 g. (0.03 mol); total 
volume of solution, 254.6 ml. The reaction mixture was 
- .. 
allowed to stand for three days before the flask was opened 
and the contents worked up. The procedure employed was 
analogo':l-s _to that described above. The following reagents 
were emp_loye~ in the quantities given: ~ead carbonate, 5.4 g. 
(0.0204 mol); silver carbonate, 0.604 g •. (0.00219 mol). 
After concentration of the soluti on in the manner de-
scribed above ( experiment I -2 ), the mixture was neutralized 
. . 
with calcium carbonate. A yello1J! col?r_ developed . at t his 
point. The solution was taken .down to about 4 ml. of a 
yellow syrup (water bath at 50°, water-pump). The . syrup 
was diluted with distilled water to a total volume of 15 ml. 
Thi_s liquid was poured into _10 volumes of 95% aleohol, and 
a white solid separated out. The mixture was placed in an 
evaporating dish, covered with a watch glass, and allowed 
. . 
to stand over night. (In refrigerator). 
When the dish was examined on the next day, it was found 
that the bottom of the dish was covered with a thin layer of 
20 • 
a white tacky · material; the supernatent liquid was clear 
and colorless. Sufficient alcohol was added to make the 
supernaten~ liquid cloudy, and it was replaced in the re-
frigerator. 
After a few hours of additional standing in the re-
frigerator, more solid was deposited on the bottom of the 
dish. The tack - material was separated and allowed to y 
. . 
stand in the refrigerator for several months, but failed 
to crystallize. The mother liquor was evaporated to dry-
ness by being poured out on a watch glass:., and the latter 
plt3.ce~ in a vacl1um desiccator over calcium chloride; the 
desiccator was warmed gently from the outside by allowing 
a 50 W. Mazda bulb to shine upon it.. There was produced 
in this way a dry solid which was taken up in a few drops 
of distilled water, and reprecipitate<J. by th~ addition of 
95% alcoholand standing in the refrigerator. Tl:l_e sol~d 
was separate~ by fil~rati<:m, dr~~d,_ and itsoptical ~o­
tation taken.[ol.]d" 12.4 (0.0226 g~ in 5 ml. water; ro-
- - D 
tation determined in a semi-micro tube of length 1 dm.; 
observed rotation, « obs.'= -t 0.056 % 0.01. 
Experiment I-4: Chlorine-water oxidation of d-glucose with 
exposure to direct sunlight. 
This experiment was carried out u~der approxim~te~y 
the same conditions as were the previous chlorine runs. 
The one significant difference was that where in the pre-
vious cases · the reactions had been carried out a·t room 
21. 
temperature in flasks that had been painted black to ex-
clude all light, this run was carried out in a clear glass 
flask which was set out-of-doors and exposed to the direct 
rays of the AugUst sun ~or several hours during the course 
of the o~dati~m per~~d. 
Chlorine water was _pre12ared in the manner· described 
above by saturating 252.5 g. distilled ~ate~. A total of 
1.7 g (0.024 .mol) chlorine was absorbed. As in the previous 
- . - -
cases, this solution was caused to react with 3.6 g. (0.020 
- ' 
mol ) of anhydrous d-glucose in the presence of 5.93 g. (0.030 
mol) of barium carbona te ; the total volume of the solution 
approximated 257.5 ml. The reaction was allowed to pro-
ceed for twenty two days; total time of exposure to di-
rect sunlight: about twelve hours. The rest of the time, 
the flask was left indoors exposed to light at room temp-
erature. 
The initial color of the reaction mixture was a pale 
yellow-green whici: d(3epene(l as the reaction proceeded until 
a deep yellow color was reached; a marked yellow color was 
. - . . . 
observed when the reaction had been proceeding for about 
sixty-eight ~o.urs. At the end of' the run, the solution 
had a foul odor, and gave a positive test w~th FeJ::tling's 
solution (negative test with starch-iodide paper). 
. - ' 
The reaction mixture was worked up in a manner ana-
- . . . . . 
l ogous to that used in the previous experiments: dilute 
. . 
sulfuric acid ·was used to remove the barium ion of the 
buffe~, and lead ca~bonate (4.77 g., 0.0178 mol) and silve~ 
ca~bonate (0.534 . g.~ 0.00194 mol) were added as befo~e. 
vYhen the silver carbonate was added, it tur.r::-ed black~ 
this behavio~ was not observed in the othe~ runs. In add-
ition, the solution_wa.s not free from chloride ion (i.e. a. 
curdy white precipitate was ~ro~uced when a few drops of 
the solution was a.....dded to an acidic solution of silver 
- - - - ... 
n~t~ate). An a~diti9nal quantity of silve~ car~ona~e (~_ g., 
0.00363 mol) wa_s adc1ed, and .tJ:le _ solut~on boiled. Some of 
the salt was again turned black. Silver ca~bonate (5 g., 
0 .0~82 mol_) wa~ . adde~ . t _() the . solution, with 'Na~ming and vig-
ourous stirring. A po~tion o~ the _salt turned b~ack, bu~ 
the solution was rendered chloride-free by the treatment~ 
Saturation of the solution ~ith hyd~ogen s~lfide, filt~ation, 
removal of the excess gas, · and concentratiqn under re-
duc~d pressu,r1;3 and mode rat ~_ -~emperatu~e were carried out as 
described in t?e .previous expe~iments. 
On e'?'aporation of the solution to 28 ml . , the solution 
was observed to have a deep yellow color and foul odor. 
Neither color nor the odor could be removed by treatment 
. - . -- -· . . 
with activated charcoal while simultaneously passing a 
stream of carbon dioxide through the solution. Neutral-
- . 
ization with calciu.m cs.rbonate followed. 
Addition of ethanol caused the solution to become 
- - -- --. . 
cloudy and resulted in the separation of a greyish oil. The 
oil and mother liquor were cooled and placed in the refrig-
23. 
er ator . 
Th e mi xture was filt er ed a nd res olved into a b l a ck ish-
b r mm tarry mat eri a l , a nd a brown ish mother 1 i quor . The 
mothe r liquor , on ev ap orati on t o d r yness produc ed a b lac k -
1; r own tarr y mat eri a l whic h vi as s olub le in wat er cont a ini ng 
a sma ll amount of e t hanol . The add i tion of a f Gw ml. of 
g l acia l acet ic a cid to t t is s olution precip it ated a bro~ n-
bl ~c k t ar. Neither this t ar nor t hn t from th e ori ~ in a l so l u -
t i on cr yst a llized aft e r long st a nd i ng in t h e refri Fer ato r . 
Experiment K- 1 : Ki netic s t udy : the O}d dat i on of d - f! l u c ose 
u i th ch lor i ne Bat er a t z ero degr ees c e nt i ~rad e . 
The 1· enct i on v1 as c ar1• i c d ou t in a 3 - t thr ee - ne e l?ed 
gr ound - jo i nted f l a s k , t h s outs i de surface of w~ich had b e e n 
re nder ed opaque by a coat of b l ack e name l . The ce nt e r neck 
wa s p1·o~J i d ed vii th a stirr er mad e from a 1 e ng.: th of ?'1 as s rod 
b y be nding t ha t port i on of the r od t hat ext e nd ed int o the 
f l 2Sl{. s i ne -via'Ve f ash i on, a nd f l at t en i n0' the t i p in t o a s in-
-g l e pr opel ler b l ade . The upp er part of the rod extend ed up 
t hr ough the n e c k , pa s s i n ~ fin a ll y t~r ou ~h a shor t l e n ~th of 
Tygon t ub i nf which f it ted the s h aft snu pl y . T~ e s t i rre r 
s haft u a s l ubric at e6 with a drop of g l yc erol near t h e u~per 
par t of the tub ing , and th e st i r r er r ot a t ed eas i l y in the sea l 
t hu s fo1•rr.ed . One of t he side ne cks was pr o'V i ded ·wi th 8.n in -
l et t ub e through whic h c nr b on d iox i de could b e ad ~itt e d t o 
t h e f l as k . The ga s wa s not s ~ ept throu ~h the sol u t i on durin ~ 
the cours e of the run ; t he f l as~ ~as f il led n i t h ce r b on di-
ox i de before t h e add i t i on 
TABLE I. 
Experiment K-1 
Temperature: zero degrees C. (ice-water bath) 
Amount of Glucose used: 0.7013 g . (0.003895 mol ). Initial 
concentration of glucose = 0.00201 molar. 
-~Jnount of barium carbonate used: 15.09 g . (0.0765 mol) 
Total volume of solution at start of run: l935 ml {fcf. p.~~ ) 
Initial approximate normality: 0.0491 N. h~~ochlorous acid 
Size of aliquot samples withdrawn : 5.00 ml . throughout 
Normalities of solut ions used: 
Points la through 5c, incl.; 4t, 5t. 
1\rseni te solution used for quenching : 0.1008 N. 
Iodine solution used : 0.1192 N. 
Arsenite solution for back-titration: 0.1008 N. 
(The above titrations carried out with a 10 ml. buret ) 
Points 6a through lOc, incl ; 7t through lOt incl. 
Arsenite solution used for quenching : 0.01008 N. 
Iodine solution used: 0.01192 N. 
Arsenite solution for back-titration: 0.00504 N. 
(The above titra.tions carried out with a 100 ml . buret) 
TABLE I . 
P oint m1 arsenite m1 iodine m1 arsenite Time of Time of N. HOC1 
I! for quench . a dded back-titr . titr . quench. s o1n. (hrs ) (hrs ) 
1a 5 . 00 5 . 00 3 . 38 0 . 333 0.167 0 . 0496¥--
1b It It 
1c II It 3 . 32 0 . 584 0 . 2 0 0 . 0485 
2a n n 3.32 0 . 83 0 . 55 0 . 0485 




n 3 . 44 1.47 1 . 18 0.0508 




3 . 43 2 . 05 1 . 25 0 . 0506 
4a n tf 3.29 20.52 23 . 22 0.0478 *-
4c rt II 3.27 24.25 23 . 27 0 . 0474 




n 3.17 47.30 46 . 05 0.0454 
-
-
6a 50.00 50 . 00 65 . 22 100 . 53 100 . 2.5 0 . 0472 
6b 
" 
n 62.02 100.63 100 . 28 0 . 0440-* 
6c n It 61.90 101 . 38 1 00 . 30 0.0440 
7a II n· 60.9 119 . 38 119 . 08 0 . 0428 -J-
7b tt tt 61 . 2 119 . 63 119.12 0.0432 
7c tt u 61 . 6 120 . 33 119.13 0 . 0436 
.sa 
" " 
60 . 4 144 . 05 143 . 77 0 . 0424 '1-
Sb It " 60 . 2 144 . 23 143 . 83 0.0424 .. Be 
" 
It 60.5 144 . 63 143.87 0 . 0426 
9a 
" 
tr 59 . 6 166 . 70 166 . 47 0 . 0416 *-
9b If tt 59 . 6 166 . 88 166 . 50 0.0416 
9c It If 59 . 4 167 . 50 166 . 53 0 . 0414 
lOa It It 57 . 6 215.63 215 . 40 0.0396 * 
lOb n · " 57 . 4 215 . 88 215.42 0 . 0394 .. 
lOc 
" " 
57 . 6 216 . 50 215 . 45 0 . 0396 
':stank soii:itidhs 
4t 5 . 00 5 . 00 3.51 23.22 0.0706 
5t 
" " 
3 . 30 46 . 02 0.0664 
:7t 50 . 00 50.00 64 . 7 .. 119 . 77 0 . 0468 
8t tt 
" 
64 . 6 144 . 77 0.0468 
9t II tt 63 . 3 167 . 87 0.0454 . 
lOt tt tt 62 . 8 216 . 25 0.0448 
of the reagents ·, and a slight positive pressure was main-
tained throughout the course of the run. The carbon di-
oxide was passed through distilled water saturated with the 
gas before being admitted to the reaction vess·el. 
Chlorine water was prepared by passing gaseous chlorine 
from a tank first through saturated chlorine water, then 
through distilled water (previously saturated with carbon di-
oxide) contained in a 1 L. black-painted flask to which 
solid barium carbonate had been added. The chlorine wEtter 
-.v-as stored until use in a 4 L. brown, glass stoppered bottle 
(bar i um carbonate, carbon dioxide present) which ·was kept 
in the refrigerator~ 
Th:ts run was carried out at a temperature of zero de-
grees c. by immersing the reaction vessel in a large ice-
water bath. Distilled water (1500 ml.)was measured in 
appr•opria te volumetric flasks, and, along with 15.09 g. 
(0.0765 mol) barium carbonate, was allowed to stir in the 
reaction vessel for s everal hours. Chlorine water (500 
ml., measured in a volumetric flask was added, and the stir-
ring allowed to continue for one hour. Three 5 ml. portions 
were withdrawn from the solution by three foil-wrapped 
pipets. The pipets were wrapped with foil to exclude as 
much light as possible during the transfer; comparison deter-
minations vvi th unwrapped pipets were not carried out. The 
chlorine titre was determined by titration against 0.1005 N. 
arsenite solution, using starch-iodide paper as an external 
25. 
indicator in the usual way (9). 5 ml. of the solution was 
equivalent to 2.51 ml. of the standard arsenite; the titration 
was performed with a 10 ml. buret. Normality of the solu-
tion: 0.0504 lJ. in hypochlorous acid. One hundred ml. of' 
solution was withdrawn, pipetted into a 250 ml. glass stopper-
ed Erlenmeyer flask which had been painted black, and placed 
in the thermostat beside the reaction vessel. 
Glucose (anhydrous; 0.7013 g., 0.00389 mol) was dis-
solved in a 25 ml. volumetric flask, diluted to the mark with 
distilled water, and the contents of the flask added to the 
reaction vessel. The flask was rinsed with 25 ml. distilled 
26. 
water, and this was likewise added to the reaction vessel. The time 
of addition of the glucose was noted, and considered as zero 
time. 
The initial normality of oxidant in the solution, ex-
pressed as hypochlorous acid, corrected for dilution was 
calculated at 0.0491 N. (This value could be only approx-
imateas volumetric flasks were used as deliver.,,r vessels ) . 
both in measuring out the chlorine water and in adding water 
and glucose solution with the understanding that these vessels 
were calibrated "to contain".). 
Aliquots were withdrawn from time to time by means 
of foil-wrapped 5.ml. pipets (vacuum line) and quenched 
in standard arsenite solution. Back-titration was with 
standard iodine solution. For the first few points of 
the run, 0.1 N. solutions were used for the 
quenching and for the ba?k-titrations, but the small vol-
umes of solution used magnified t he inherent errors in the 
. - . . 
method such as b~ret reading error, error in pipetting, 
a.r:d th~ like, such that :the precis~on obtained was not high. 
qofl:sequent1y, more dilute ~elutions_ of the reagents which 
were prepared by dilution of the standard iodine and arsen-
- • J ' • -
ite solutions available in volumetric flasks; these more 
dilute solutions were used in subsequent runs. 
Correction for any iodine solution consume d by the starch 
was made by means of blanks for each titration which con-
tained a like amount of distilled water and starch, a 
little reagent potassium iodide, and sodium bicarbonate, as 
in the titrations.. The corrections were small in each 
case, being in the order of one drop of 0.01 N. iodine sol-
ution. 
The analytical method was tested in order to deter-
mine whether a correction factor need be applied to take 
into account iodine consumed during the back-titration of 
excess arsenit~ by the _ ~~ganic ~aterial present in the sol-
ution. This was accomplished by adding to three aliquots 
quenched in as rapid succession as possible, the same mea-
. - . . - - - - - ' ' 
sured amount of standard iodine, and back-titrating the ex-
-· -- -- . - . . 
cess iodine with standard arsenite at various intervals. 
An average of the concentration of oxidant (expressed as 
- . -
hypochlorous acid) ... ?btained _ i!l _ this _ w-a-;r _was con~idered as 
the uncorrected hypochlorous acid concentration. 
27 . 
The numerical data from this experiment are to be 
found in table I. The time of titration is the time at 
the end of the tit~~t~on (~his was a convenient check-point). 
The normality of hypochlorous acid listed is uncorrected 
for loss of chlorine during the run from causes other than 
(The purpose of this run was explor-
. . . 
a tory, ·:.and was intended to aid the determination of cond-
itions suitable for carrying out our runs. Since the re-
action was found to be too slow to be conveniently measured 
under th_E)se conditio:r:-s, t[lis run had served its purpos~, 
and the application of correction factors to the points 
p lotted would serve no useful end. _Although a 1()0 ml. por-
tion of chlorine water was withdrawn at the start of the ex-
per~ment, be~ore the ad~ition of glucose, and its chang~ in 
chlorine titre as a function of time determined and tab-
-- .. ~ ·~ . 
ule.ted in _Table I., no correction was appli~d, and the 
points plotted are those starred in table I. 
~xperiment K-2: Kinetic study: the reaction of d-glucose 
at twenty-five degrees. 
The reaction vessel in this experiment was a 3 L., 
three-necked flask, painted and. fitted as was described ab-
ove under experiment K-1. The stirrer passed through a 
~~ngth of Tygon tubing, and was lubricated with glycerol 
as described. 
The dilute standard solutions were prepared not by the 
dilution of solutions of known concentration, as was the 
28. 
case in experiment K-1, but by the preparation of solutions 
- . . -- ~ ·- . - -
of_ approximate normality in the _usual way, followed by the 
standardization of t he di~ute iodine solution by titration 
of the solution against samples of primary standard arsenic 
trioxide weighed out ona semi- micro balance to 0.01 mg. 
The arsenite solutions were titrated against this iodine 
solution. 
A glucose solution of known concentration was prepar-
ed in a 100 ml. volumetric flask, and the flask placed over 
night in a water thermostat provided. with ~ mercury typ~ 
thermoregulator, with the tempera:ture set at 25oc. ~ 0.05. 
A known volume of this solut ion was added at the start of 
the run; the time of addition of the d-glucose was consid-
ered as the point of zero time. 
The r~ was carri~d out in the follow~ng vvay: the re-
action vess·el, _fitted wl th stirrer an?- glass stopper was 
weighed empt y on a _l~r~e ~nalytlca1 balance~ using an id-
entical flask similarly outfitted as a tare. To th~ weigh-
ed flask was added 1 L. of chl orine water prepared as de--
scribed in experiment K-1 and 1 L. of distilled water, 
and the vessel was re-weighed. The d~nsity of the re-
sulting solution was taken as equal to pure water; since 
the weight ?f dissolved chlorine and the di~ference in 
density between water at 4 and 25 degrees c., respectively, 
could be ne glected, t he volume of t he re a ction mixture 
was thus determined directly. (Volume chlorine solution x. 
29. 
initial normality : equivalents chlorine used; thus mol 
chlorine per mol glucose could be calc\'-~ated.). 
Weight of flask and contents;~;~~ 2165~00 g . 
Weight of flask alone;;~~;;~;;;;~ 160;62 
Weight of contents••••••••••••••• 2004.38 
The reaction vessel was placed in the thermostat, _ 12.4 g. 
(0.063 mol) barium carbonate added, and the stirrer was 
started. Stirring_was allovted to continue in a carbon di-
oxide atmosphere for several hours, until equilibrium was 
~ - - - -
reached between the reaction vessel and the thermostat. 
Glucose solution (9.03 ml., concentration of glucose sol-
ution: 25.005 g. in 100 ml. water) equivalent to 2.26 g. 
' . ' 
( 0.0125 mol) glucose was added from a 10 ml. buret. Ali-
quots were withdrawn from time to tim~ by forcing portions 
of the solution up into 5 ml. foil-wrapped pipets by means 
of an atomiser bulb. ~uenching of the solution and back-
titration was carried out as in experiment K-1. 
Testing of the analytical method for possible inter-
ference by the organic material present was carried out as 
- - . 
described under the previous experiment, and in this case 
- ~ .. -·• - - --
also·, the average value of the concentration of oxidant 
was considered as the uncorrected hJ~ochlorous acid con-
centration. Starch corrections were applied here precisely 
as in the previous experiment, and here again they were 
found to be of the order of 1 drop (0.05 ml.) of 0.01 N 
iodine solution.. Numerical data on this run is to be 





Temperature: 25 degrees C. ± 0.1 
Concentration of standard giucose solution: 25.005 g./100 ml. 
Ml. of g lucose solution used: 9.03 ml. 
Amount of glucose used: 2.26 g. (0.01255 mol). Initial glucose 
concentration: 0.0628 molar. 
Amount of barium carbonate used: 1.24 g. (0.063 mol) 
Total volume at start of run: 1998.41 ml. 
Initial normality: 0.0374 N hypochlorous acid 
Size of aliquots taken: 5.00 ml. throughout 
Normalities of solutions used: 
Points la through 3c incl.; lt through 4t incl. 
Arsenite solution used for quenching: 0.01028 N. 
Iodine solution used: 0.01203 N. 
Arsenite solution used for back-titration: 0.005125 N. 
Points 5a through 7c incl.; 6t through 8t incl. 
Arsenite solution used for quenching: 0.01022 N. 
Iodine solution used: 0.01202 N. 
Arsenite solution for back-titration: 0.005125 N. 
Points 4a through 4c incl; 5t 
Arsenite solution used for quenching : 0.01022 N. 
Iodine solution used: 0.01023 N. 
Arsenite solution for back-titration: 0.005125 N. 
(All of the above titrations other than the "t" points were 
performed with a 50 ml. buret.) 
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TABLE II. 
• Point ml arsenite ml. iodine ml arseni t e Time of Time of N. of 
# for quench. added to back-titr. titr. quench. HOCl (hrs) (hrs) 
la 50.00 5o,oo 42.65 16.60 16.12 0.0264 
lb II 41.70 16.98 16.13 0.0254 
lc It tf 40.20 17.72 16 .18 0.0238 
.. 
2a u· " 31.06 40.97 40.75 0.0144 
2b tf It 30.90 41.45 40.78 0.0144 
2c 
" 




It 24.20 69.30 68 .93 0.0074 
3b " n -· 23.85 69.53 68.96 0.0070 
3c It II 23.70 69.98 68 .98 0.0070 
-
4a tr n 19.85 96.57 96.23 0.0024 
4b It It 19.70 96. 8 0 96.27 0.0020 
4c 
" 
It 19.30 96.30 0.0018 
5a 
" 
tt · 19.21 120. 8 7 120.57 0 .0022· 
5b n It 19.20 121.05 120.59 0.0020 .. 
5c It tt 19.10 121.82 120.60 0.0020 
6a ft It 18.60 143.60 143.32 0.0016 
6b It tt 18 .20 143. 8 2 143.35 0.0012 
6c u II 17.70 144.57 143.37 0.0006 





17.40 161.48 160.81 0.0002 
7c It II 16.30 163.13 160.85 -0.0008 - . 
Blank Solutions 
Point # m1 arsenite ml arsenite Time of N. of log10N for quench to back-titr. quench. HOCl 
(hrs) 
1t 50.00 55.5 0 0.0394 -1.405 
2t n 55.2 0.17 0.0392 -1.407 
3t tt 53.2 18 .00 0.0372 -l.429 






70.82 0.0326 -1.487 
6t u 47.2 98.12 0.0304 -1.517 
7t II 46.9 122.43 0.0304 -1.517 .. 
8t It 45.6 145.18 0.0294 -1.532 
9t It 43.4 162.68 0.0268 -1.572 .. 
• (The titrations of 












TABLE II . 
l1Yerage t X %/hr. = % loss observed mean X % loss 




16.14 X 0.26 = 4.20 .0317 X 4.20 
16.14 0.0259 
24.64 X II = 6..41 .0202 X 6.41 
40.78 0.0144 
28.18 X II = 7.33 .0108 X 7.33 
68.96 0.0071 
27.31 X II = 7.10 .0046 X 7.10 
96.27 0.0021 
24.32 X II = 6.33 .0021 X 6.33 
120.59 0.0021 
23.40 X II = 6.08 .0018 X 6.08 
143.99 0.0014 
17.94 X II = 4.67 .ooo8 X 4.67 
161.93 0.0002 
observed average+ integralcorrection _point to be plotted time 






























































In this cas e ,blank correc tions ~ere app lied to ~ he 
observed conce ntrations of h:y-pocb l orous ac id to account for 
l oss of acti~e chlorine by r eactions other t ban with glucose . 
It is these corrected values of concentration ~ hich were nlot -
t ed against t i me . 
~xper iment K-3: Kinet ic study:the r eaction of d - r lucose with 
chlorine wa t er at twenty-five degree s C. 
T~e run in this case was carri ed out a l mos t exactly 
as t ha t descr ibed in Experiment K-2 ab ove, t he foll o~ in? 
det a ils being the onl y exceptions:no correction wa s made fo r 
iodine solution consumed b r t he starch indic ator as t~is 
corr ection was s hown to be small; t he ana l ytica l metho~ ~ G s 
not t Gsted for p os sible int erference by +he organic re-
duct a nt present , a s th is ha6 b een prov ed ne qli~ible;points 
were taken at more frequ e nt inter~ n ls than i n the nrevious 
run . The st nndcrdiz etion of solutions a nd the det er minat ion 
of the t otal ~o l ume of tb~ chlori ne water were c ar r i ed out 
as l~ef or e . 
Eeight of flask a nd contents •••• 2012 . 91 ~ . 
~ ei Rht of fla s k alone ••• ••••••• 13 . 82 






Temperature: 25 degrees c. t 0.1. 
Concentration of standard glucose solution: 0.25005 g/ml. 
Volume of glucose solution used: 10.81 ml. 
,!\...mount of g lucose used: 2.2703 g. (0.01502 mol). 
Initial glucose concentration: 0.00753 molar. 
Amount of barium carbonate used: 24.4 gl (0.123 mol). 
Total initial volume: 1995 ml. 
Initial normality hypochlorous acid: 0.0363 N at time -1.03 hrs. 
(i.e., at 1.03 hours before the addition of glucose). 
Mol glucose/equivalents HOCl = 1/4.83 
Normality of solutions used: 
Arsenite solution used for quenching: 0.0101 N. 
Iodine solution to back-titrate: 0.01182 N. 
(Five ml. aliquots taken; quenched in 50 ml. arsenite solution}. 
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TABLE ID. 
Point m1 Ia to Time of t Normality Mean 









3 27.93 1.05 0.0354 
0.47 0.0352 
4 28.09 1.52 o·.o350 
0.51 0.034'7 
5 28.30 2.03 0.034Ll: 
0.49 0.0344 
6 28.35 2.52 0.0344 
1.01 0.0339 
7 28.75 3.53 0.0334 
1.00 0.0330 
8 29.11 4.53 0.0326 . 
0.9'7 0.0322 
9 29.48 5.50 0.0318 
1.03 0.0313 
10 29 .81 6.53 0.0308 
0.93 0.0304 
11 30 .21 '7 .46 0.0300 
1.02 0.0295 
12 30.64 8.48 0.0290 e 
1.13 0.0285 
13 31 .05 9.61 0.0280 
0.89 0.02'75 
14 31.41 10.50 0.02'70 
2.02 0.0261 
15 32 .20 12.52 0.0252 
2.01 0.0242 
16 33.02 14.53 0.0232 
7.99 0.0203 
1'7 35.51 22.52 0.0174 
1.06 0.0171 
18 35. '76 23.58 0.0168 
2.09 0.0161 
19 36.40 25.67 0.0154 
2.28 0.014'7 
20 36.39 2'7 .95 0.140 
1.60 0.0136 
21 3'7 .:31 29.55 0.013.'8 
2.25 0.0128 
22 37.69 31.80 0.0124 
1.80 0.0118 
23 38 .11 33.60 0.0112 
17.92 0.0090 
24 40.50 51.52 0.0072 
46.06 - 0.004:2 
25 42 . 41 '97 . 58 0.0010 
3{-C'_ 
T A~LE: n::r. 
Mean rate Total % Diff. correct. Int. correct. Point 
loss HOCl loss HOCl factor x 106 factor :x: 106 no. 
in hrs. in hrs. nq~al_it;r normalit;r 
1 
.28 .15 53 
' 53 2 
.28 .13 46 99 3 
.28 .14 49 148 4 
.28 .14 48 196 5 
.28 .28 112 308 
6 
.27 .27 89 397 
7 
. 27 .26 84 481 
8 
.26 .27 85 566 
9 
. 26 .24 73 639 10 
.26 .27 80 719 11 
.25 .28 80 799 
• 
12 
.25 .22 61 860 13 
.24 .48 126 986 14 
.23 A6 111 1097 15 
.22 1.76 357 1454 
16 
.20 .21 36 1490 
17 
.20 .42 68 1558 
18 
.19 .43 63 1621 
19 
.19 .30 41 . 1662 
20 
. 18 
.41 53 1715 21 
.18 
. 32 38 1753 22 
.16 2.87 258 2011 
23 




Point Time Uncorrected + Int. correct. = Corrected 1/U 1/ u 
no . (hrs) .....uormalitz factor . ... - N 
1 
-1.03 0.0363 0.0363 27.5 5.25 
2 0.50 0.0356 0.0356 28.1 5.30 
3 1.05 0.0354 .000053 0.0355 28.2 5.31 
4 1.52 0.0350 .000099 0.0351 28.5 5.34 
5 2.03 0.0344 .000148 0.0345 29.0 5.38 
6 2.52 0.0344 .000196 0.0346 28.9 5.38 
7 3 . 53 0.0344 .000308 0.0337 29.7 5.45 
8 4.53 0.0326 .000397 0.0330 30.3 5.50 
9 5.50 0.0318 . 000481 0.0323 31.0 5.57 
10 6. 53 0.0308 .000566 0~ 0314 31.8 5.64 
11 7.46 0.300 .000639 0.0306 32.7 5.72 
12 8.48 0.0290 .000719 0.0297 33.7 5.81 
13 9.61 0.0280 .000799 0.0288 34.7 5 .89 
14 10.50 0.0270 . 000860 0.0279 35.8 5.98 
15 12.52 0.0252 .000986 0.0262 38.2 6.18 
16 14.53 0 .0232 .001097 0.0243 41.2 6.42 
17 22.52 0.0174 .001454 0.0189 52.9 7.27 
18 23.58 0.0168 .001490 0.0183 54.6 7.39 
19 25.67 0.0154 .001558 0.0170 58.8 7.67 
20 27.95 0.0140 .001621 0.0156 64.1 8.61 
21 29.55 0.0132 .001662 0.0149 67.1 8.20 
22 31.80 0 .0124 .001715 0.0141 70.9 8.42 
23 33.60 0.0112 .001753 0.0136 76.9 8.77 
24 51.52 0.0072 .002011 0.0092 108.9 10.43 
25 97.58 0.0010 .002146 0.0031 . 322.6 17.94 
l--
TABLE III-A 
Blank r un f or Expt . K- 3 
Normalities of solu ti on s : flasks 1 and 2 
Arsenite for quenching : 0 . 01005 N. 
I odine s olution : 0 . 01177 N. 
Normalities of s o lutions : flasks 3 
Ars enite solution f or quenc~ing : 0 . 01014 N. 
I odine ~~lution: 0 . 01175 N. 
( 5 ml. aliquots ; quenched in 50 ml . arsenite solution) 
Flask g. (mol) ml iodine to Time of Normality 
no. Ba2co3 back-titrate quench . HOC l (hrs) 
1 12 .• 4 ( 0 . 061) 25.79 0 0. 0398 
1 26.91 19 . 27 0. 037.1 
1 27 . 60 41 . 73 0 . 0355 
2 3.1 ( 0.016) 38.51 0 0 . 0098 
2 38 . 70 19 . 28 0 .0095 
2 38.82 41 . 78 0 . 009 1 
3 1.2 (0.006) 41.31 0 0 . 0043 
3 41.37 18.15 0 .0042 
3 41.40 43 . 22 0 . 0 042 
SUMivlA..RY 
Glucose was treated with chlorine-water in buffered 
solution under conditions where bromine water oxidation in 
the dark had been reported to produce near-quantitative 
1}ields of gluconic acid. When the reaction with chlorine 
wa s carried out in the dark, there was isolated from the 
solut i on at best only traces of gluconic acid (isolated as 
the calcium salt and identified by means of optical ro-
tation). Along with the gluconic acid, there was obtain-
ed in each case syrups which _failed to crystallize on long 
standing in t he refrigerator. 
vn1-en t he chlor i ne-wa_ter oxidation was carried out with 
exposure to direct sunlight, much decomposition took place, 
as witnessed by the development of a deep yellow coloration 
and a foul odor in the reaction mixture. There was ob-
t a ined a brownish-black syrup which had a foul odor when 
the l"eaction mixture was worked up; this syrup vthich could 
not be decolorized on treatment with activated charcoal 
failed to crystallize on long standing in the refrigerator. 
Kinetic experiments on the oxidation of glucose with 
chlorine water were initiated with a vievv to obtainirg 
information which might lead to t he development of a method 
of analysis for the organic components in the oxidation 
mixture. The reaction was studied in the dark in a large 
tru:ee-necked flask which had been painted black. A. liquots 
were withdrawn from time to time, quenched, and the reaction 
32. 
followed by determining the "activett chlorine titre (ex-
pressed as hypochlorous acid). Two temperatures were in-
vestigated , z~ro and 25 degrees C.; at the former temper-
ature and at a ratio of reactants slightly over 12 mols of 
hypochlorous acid per mol _ of glucos e the reaction was found 
to be too slow to be measurable conveniently, contrary to 
. . 
the reported behavior with bromine. At 25°C., and at 
rat i os of reactants approximating 2 .5 and 3 moles of hypo-
chlorous acid respectively to ~one mol e glucose the reaction 
was found to be slow but of sufficient speed to make the 
following of the reaction possible. The data was p lotted 
in t h e form of a zero , first, 1 .5, and second order re-
action in h:rpochlorous acid, zero order in glucos e; in no 
case was complete linearity obtained, but the best con-
formity t o a straight line over most of the data seemed to 
be found for the first order plot. The reaction did not 
seem to be independent of initial glucose concentrati on. 
For a solution ini tially 0.00628 molar in glucose and 
0.0374 N. i n oxidant expressed as hypochlorous acid (Table 
II) t.1. = 34 . 5 hours ; for a s olution initially 0.00753 M. 
2 
in c; lucose and 0.0363 N. in oxidant expressed as hypochlor-
ous acid (Table III} t1 ~ 25.5 hours. 
. 2 
Although at present it does not seem that kinetic 
studies of the sort employed hold promise for t he devel-
opment of a method of analysis of the complex reaction 
products , they do seem to offer a suitable approach for 
the e l ucidation of certai n features of the oxidation reaction. 
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CONCLUSIONS Al'ID SUGGE STIONS FOR FUTURE WORK 
The work described in this thesis constitutes a series 
of introductory experiments in a field whe r e little work 
has been done. A method of study of chlorine-water ox-
idations of carbohydrates has been arrived at which, with 
modifications, improvements and extensions we plan to use 
in f uture work. Some of the planned modifications and pro-
posed future applications of the method are described in 
t he following paragraphs. 
One future ·· experiment ·is planned · in· whlch the oxida-
tion of g lucose with chlorine water will be carried out in 
the dark as is described in experiments I-2 and I-3, but 
with the following modifications: the weight of chlorine 
employed will be determine d by titration of aliquots of a 
chlorine water solution with standard arsenite, rather than 
by the gain in weight of a "bubble flasktt as in experiments 
I-2 and I-3; quantities of heavy-metal salts will be added 
calculated equivalent to the chloride liberated in the re-
action; sulfuric acid will be added corresponding to the 
baritun ion present in t he solution, the barium ioh content 
determined b y analysis of the solution for barium; calcium 
carbonate added in such quantity as required to neutralize 
exactly t he acidity of the reaction mixture, as determined 
by the titration of an aliquot with standard alkali. 
Such an experiment would serve not only as a check 
33. 
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on the work performed, but also as a means of avoiding the 
use of an excess of r eagents, thereby eliminating the source 
of some possible i mpurities in the reaction product. 
The reaction of glucose with chlorine-water under t he 
conditions we employed was found to be slow. At t he pH our 
work was ca r ried out, hypochlorous acid is by far t h e pre-
domine.ting species (approximately 96%). It may be that t he 
slowness of t he reaction may be accounte d for by the fact 
that t h e a ctual a t tac1cine; species is some molecule or ion 
othe r t han hypochlorous acid, which on account of the pH 
used, is present at all times at low conce nt rations.(In an 
aqueous bromine solution, hypobromous acid is present at 
all pH values at small concentrations; t he re spective hydrol-
ysis constants for chlorine and bromine are 4.5 x lo-4 and 
2 .4 x lo- 8). Thus, if t he actual oxidant is present at 
very small concentrations a slow rate of reaction would be 
expected. It follows, then, t hat if a study were car r i ed 
out at a series of di f fe r ent pH values at which the comp-
osition of the chlorine-water were different, some insight 
mi ght be obtained regarding the nature of t he a ttacking 
species. Thus, if t he rate of reaction at a pH at which 
dissolved chlorine were present mainly , say , as ocl-, this 
would tend to indicate that this were the attacking species. 
(It should be pointed out tha,t a second possibility for 
e}~laining such differences in rate, should they be observed, 
is t he effect of pH on the g lucose molecule itself; this b y 
34. 
itself is a large separate problem. It is known, for ex-
ample, that in the high pH ranges glucose is subject to com-
plex reactions )·.and decompositions.). 
3 
The second question which must be answered i~ the loc-
ation of the point at which the glucose molecule is attack-
ed by the oxidant. Some insight into this problem might 
be found by comparing the rate of reaction under the same 
conditions of glucose itself with glucose derivatives in 
which various hydroxyl groups had been blocke d off by 
ether formation,(for example, glucoside formation at cl 
or ether formation at c6 are two possibilities). Thus it 
seems to us that the combination of studies on glucose 
itself at various pH levels and of glucose derivatives 
would give valuable information both as to t he point of 
attack and to the attacking species. 
It is realized that the technique in its present form 
does not correct completely for lass of chlorine from the 
reaction mixture during sampling. Although the blank corr-
ections, particularly of the more elaborate type described 
in experiment K-3, do correct for such losses in some mea-
sure, it is felt th~t the variables inherently present in 
such a sampling method are difficult if not impossible to 
reproduce in a blank run (length of t -- i me the flask is left 
........ 
open, amount of light admitted, area of surface of solution, 
light-catalyzed decomposition of aliquots during quenching, 




nature could be a~oided by chang ing from a method of a li-
au ot s aepline! t on sea led-tube technique . It is felt that 
~ ~ 
the b lank correctiorls cotl l d be made more nearly exact , and 
the pre cis ion and accurac ~r of the dat a i mpr oved. 
The r eaction ha s been shown not to be a clean con-
~ersion to gluconic acid ( as witnessed by the low ~ i e l ds of 
g luconic acid obt a ined a nd by the fact that more tha n the 
pee mole of chlorine theoretically requ ired for this con-
ve r sion is taken up smooth l;y). (For example, in l"ll11S K- 2 
and K-3 resp&ctively,5 .29 and Ll . t.l:l equivalGnts of hypo-
chlorous acid per mole of glucose added i nitia ll y were con-
suned . The respect iv e times iN&re about 161 hotlrS a nd 98 
hours . Two eql.li"~iE•.l ent s of hypochlorous acid ure theoretical-
• 
ly re qu ir ed to conv ert one mol e of glucose to gluconic acid~ • 
The methods employed consequsntly offer no avai l ab le parame-
t er of reductant consu n~tion ,and the method in its present 
form ca nnot yield data which are elegant f r om the point of 
view of r eaction kinetics. ~ onethe l e ss,it is felt tha t valu-
a bl e qu ul it to~ t iv e i nformation ooth a s to the nature of the 
ox i da nt a nd the point of att ack mi ght be obt a ined b y fur t h er 
i nvest i gat io n a lo ng t he lines outl ined. 
Standardization Data 
In all cases, t h e iodine solution was standardized against 
weighed samples of dried arsenious acid, and the arsenite 







We i ght As2o3 ml.I 2 !..1.g from mean deviation 
0.1535 g. 26.01 0.1192 .oooo 
2 0.1067 18.10 0.1191 .0001 .0001 
3 0.1235 20.90 0.1195 .0003 
N I2 - 0.1192 :t 0.0001 
-
Deviation Mean 
ml. arsenite ml. I2 ml.I2/ml.As0~ N As02 from mean deviation 
8.90 0.845 0.1008 .oooo 10.52 
10.66 
11.80 
9.00 0.845 0.1008 .oooo .oooo 
10.00 0.846 0.1009 .0001 
N As02 
= 
0.01008 :t o.oooo 
The other more dilute standard solutions mentioned in Table I 
were prepared by pipetting portions of the above solutions in-
to appropriate volumetric flasks, and diluting to the mark. 
Table II (arsenite weighed on a semi-micro balance) 
Deviation 
Sample #: Wgt. arsenite ml.I2 
ml I 2 con. for . starch !...!2. from mean 
"' 
1 .01215 g. 20.70 20.60 0.01194 9 
2 .02003 34.10 34.00 0.01191 12 
3 .01990 33.50 33.40 0.01205 2 ' 
4 .01214 20.40 20.30 0.01211 8 
5 .01285 21.54 21.44 0.01212 9 
Normality of iodine so~ution: 
N : . 0.01203 ~ .0008 
(The starch correction was determined in each case by titration 
of a like amount of starch solution in distilled water in the 
presence of excess sodium bicarbonate and a sma1l amount or 
reagent potassium iodide.) 
ml arsenite ml I ml I 2 sol'n Normality Deviation 
solution solu~ion corrected_ of arsenite from mean 








17.57 15.05 14.98 0.01026 .00002 .00002 
13.02 11.19 11.14 0.01029 .00001 
Normality arseni te solution 
= 
0.01028 :t: .00002 
38. 
Standardization Data 
Table II (cont.) 
' 
Normality Deviation Mean 
ml arsenite ml I2 ml I:z ( corr.) arsenite from mean Dev. 
24.20 10.35 10.28 .005110 .000015 




11.22 11.15 .005139 .000014 
ml 
Normality arsenite solution 
N : 0.005125 ~ .000010 
0.01203N I2 corr. ml I:z N arsenite 





-· ··· . 
dev. 
14.50 14.50 14.46 0.01023 .00001 .00002 
17.40 17.40 17.35 0.01040 
Normality arsenite solution 
N : 0.01022 t .00002 
ml 0.01022 deviation 
arsenite ml I 2 corr ml I2 N iodine from mean 
20.50 17.50 17.45 .01202 .ooooo 
21.30 18.18 18.13 .01200 .00002 
18.50 15.77 15.72 .01203 .00001 
Normality iodine solution : 0.01202 ~ .00001 
Table III. (No starch correction applied) 
. - . Deviation 
Flask // wt. arsenite ml I 2 Normality I:2 from mean 
1 0.01346 23.18 0.01175 .00007 
2 0.01525 26.10 0.01182 .ooooo 
3 0.01106 18.81 0.01189 .00007 
4 0.01861 31.90 0.01181 .00002 
5 0.01893 32.70 0.01171 
Normality iodine solution 0.01182 ~ .00004 
Deviation 
ml arsenite ml iodine Normalitl arsenite from mean 
20.00 17.18 0.01014 .ooooo 
23.10 19.99 0.01017 .00003 
20.00 17.18 0.01014 .ooooo 











SOURCES OF EEAGENTS 
d-glucose: Baker's Analyzed C.P. anhydrous powdered dextrose, 
?>05" . [o<JD': t52.1° (8.8265 g. in 100 ml distilled water in tube 
0 
of length 1 dm.; observed rotation, o\~ .= f4.60 :t .006). 
The value of the specific rotation was reached after the sol-
ution had been allowed to stand at room temperature (3o0c. :1: 2) 
for about 24 hours. 
Chlorine: the Matheson Co. 
Arsenious oxide: Thorn Smith, Royal Oak, Mich. Arsenious 
acid (As203) factor purity 99.53%. 
Silver carbonate: Prepared by reacting silver nitrate (Merck, 
C.P •. ) with exce ss sodium carbonate (Baker's, C.P.) followed 
by thorough washing of t he precipitate with distilled water 
and drying in a desiccator (over calcium chloride) protected 
from light. 
The following reagents used were of the Baker's Analyzed, C.P • 
. grade, unless otherwise indicated: soluble starch, calcium 
carbonate, sodium bicarbonate, lead carbonate, iodine, 
sulfuric acid, potassium iodide ( Merck reagent), activated 
carbon (Nuchat, Eastman Kodak). 
39. 
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APPENDIX 
INTR eDUCT I ON 
The purpose of the review which follows was to gather from the 
literature significant work done on the inorganic chemistry of 
aqueous chlorine solutions. Since the literature prior to c.l92? 
has been reviewed in at least one standard treatise on inorganic 
chemistry, that of Mellor29 , only the period 192?~194? was reviewed 
(at the t-ime the review was· completed, the 1948 Chemical Abstracts 
index was not available.) The material contained in this review is 
intended to help complete the inorganic background for the proposed 
field of organic research; the action of aqueous solutions of 
chlorine on carbohydrates • 
-1-
When chlorine is added to water, it dissolves to the extent of 1.85 g. 
per 100 cc at 20°. 40 There takes place first a solution of the halogen, 
followed by a reaction of hydrolysis. The latter step has been found to 
take place at a rapid but finite and measurable r a te, and has been subjected 
to kinetic studies b,y E. A. Shilov~~.~· 49 and his co-workers in Russia, 
e.nd b,y Kolbatkar end Sant in India. 23 Shilov 49 reports a constant of a 
first order for the reaction 
+ -012 + H2 0 ~ HOOl + H Cl • (I.) 
(Ho~rever, in a re-examination of the Russian data~6 , Morris30 concludes 
that the course of the reaction under the conditions of the experiment 
is better explained by pos·tulating the mechanism of hydrolysis as 
(II.) 
and supports his views with calculated kinetic equations.) 
Although the position of equilibrium of reaction (I.) normally lies 
far to the left (Kequil • 4.5 x 10-~) 29 , the reaction is reversible and 
it is obvious that the position of equilibrium can be shifted to the right 
by a change in experimental conditions. Thus, the addition to such a solution 
of any reagan t '·rhich will react selectively with the hydrochloric acid 
formed will shift the equilibrium to the right, and will favor the formation 
of hypochlorous acid. 
As early as 1863, L. Carius, 9 in a stady of the addition of hypochlorous 
acid to unsaturated linke.ges, reported that the ad.di tion of a smal l quantity 
of properly prepared mercuric oxide to the reaction mixture decreased the 
complexity of the reaction products isolated, and incseased the proportion 
of chlorohydrin type compounds obtained. 
In addition to mercuric oxide, such compounds: as silver oxide, 32 silver 
phosphate, 42 silver nitrate,!!~ calcium oxide39 and. bismuth trioxide34 • 33 (Bi 2 03) 
have been used in the preparation of hypochlorous acid. In other words, the 
-2-
ma.jor driving force for the ref.l.ction is the a.ffini ty of the added reagent 
for chloride ion. Thus, in theory, any substance with such an affinit,r 
would appear to be a sui table reagent. However, other consid.erations must 
be taken into account: the reagent used must be basic enough to react with 
hydrochloric acid, yet a weak enough base not to neutralize the hypochlorous 
acid formed. Further, the reagent must not catalyze .the decomposition of 
hypochlorous acid. The chloride formed should be insoluble if a chloride-free 
solution is to be obtained. (This latter consideration is of prime importance 
as the chloride ion concentration has a great influence on the stabilit.y of 
the resulting solution; this point is more fully discussed below.) 
The first of these considerations is rela.tivel y easily met, considering 
the great difference in acid strengths between the strong hydrochloric acid 
and the weak hypochlorous acid for vrhich a representative value of the dis-
sociation constant is Kdiss = 6.5 x 10-8 • 4'~' Ho ... Jever, the latter two considerao-
tions confine the choice of reagents within narrower limits. 
Ou.risson and Kastner,~4 in a study of the methods of preparation of 
bypochlorites free from chlorides and free chlorine decided that such solutions 
could best be obtained via the neutralization of pure, free hypochlorous 
acid; the latter substance could, in turn, best be prepared by the hydration 
of its anhydride, chlorine monoxide (Cl2 0). Several methods involving the 
use of hea.vy-meta.l oxides were investigated. Of the substances tested, bismuth 
trioxide and mercuric oxide were shown to be the most suitable. (Silver 
oxide was not investigated because of its expense, and. the difficulty of 
regeneration of the exhausted oxide.) 
The treatment of an aqueous suspension of mercuric oxid.e with free 
chlorine produces hypochlorous acid contaminated with mercury; it appears 
that mercuric oxide is sufficiently basic to react with some of the hypo-
chlorous acid under the conditions of the experiment. In an analogous 
•• 
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procedure, the use of bismuth trioxide for the mercuric compound gave 
bismuth-free solutions likewise free from chlorine and chlorides (owing to 
the extremely small solubility of the basic bismuth chloride formed under 
the conditions of the experiment. The hypochlorous acid solutions obtained 
by this method are only of moderate concentrations. 
Since chlorine monoxide is present in the vapors over strong solutions 
of hypochlorous acid, the probabl~· mechanism for the forme.tion of hypochlorous 
acid is the reaction of the heavy-metal oxide with chlorine to form initially 
chlorine monoxide which is hydrolyzed to form free hypochlorous acid. 
34 . Ourisson and Kastner reported the preparat1on of exceptionally stable solutions 
of hypochlorous acid by a two-step process: 
(1) Mercuric oxide, suspended in carbon tetrachloride is treated 
with free chlorine yielding a solution of chlorine monoxide in carbon tetra-
chloride; the other product formed, mercuric chloride, is insoluble in this 
solvent. 
(2) If this reaction mixture is now filtered and treated with water, 
the chlorine monoxide is extracted into the aqueous layer, and an aqueous 
solution of hypochlorous acid is produced which is practically free of 
chloride ion and free chlorine. 
This process has several distinct advantages; the mercuric oxide is 
easily regenerated by heating with base, and the product is obtained in such 
a degree of purity that distillation need not be carried out. 
~ypochlorous acid may be produced also from the reaction of free 
chlorine with silver oxide, as stated above32, according to the reaction 
H 0 Ag2 0 + Cl2 - 012 0 ~ HOCl 
The chlorination of alkali hypochlorites has also been used as a preparative 
method. Shilov41 states that the reaction 
012 + NaOCl + H~O = 2HOC1 + NaCl. 
• 
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can be driven almost to completion under the proper experimental conditions. 
If an alkaline solution of hypochlorite is added to a solution into which 
chlorine gas is being passed, the acidity which is maintained is reported 
to inhibit the fonnation of chlorate ion. 
Since the presence of chlorate and of part of the chloride ion concentra-
tion in an aqueous chlorine solution can be traced to the decomposition of 
hypochlorous acid according to the reaction 
2H001 + 001- ~ 2(H+Cl-) + 010~- (III.) 
it is not out of place to examine here some of the factors which influence 
the stability of solutions of hypochlorite. 
The first factor which must be taken into account is the effect of 
light on hypochlorite solutions. Tueuter52 has studied the loss of 
"active chlorine" from chlorine - water solutions kept in clear bottles 
as compared with solutions kept in brown bottles, and reports high losses 
from the former provided the bottles are exposed to the light. HO'\'Tever, 
Shilov and Kupinskaya43 report that chlorine water decomposes very slowly 
at 2.5°0 in the dark, provided that "decomposition catalysts" are not present. 
Bonnet6 has studied the decomposition of hypochlorite as a function of the 
wave-length of irradiating light, and has found that free hypochlorous acid 
is less sub,ject to photodecomposition than is its sodium salt. It was 
found that while light of ultra-violet wavelength bad a relatively low 
activity, visible light was most active in catalyzing the decomposition • . 
Additional studies of photodecomposition have been carried out by Allmand 
and his co-workers. 2 
Deco~position of chlorine-water has been found to increase marked~ in 
the presence of certain catalysts or "activators". These may vary widely 
in character: metallic chlorides such as ferric chloride and calcium 
chloride, certain ammonium salts58 , magnesium sulfate~, cobalt18 ; oxides 
such as manganese dioxides4~ and certa in nitrogenous compounds59 have all been 
found to accelerate decomposition. Hypochlori tes have been tound. to have a 
-5-
stability which vary with the nature of the cation: thus, the speed of 
decomposition is reported to vary potassium). sod.iUJ!l) :J.i thium hypochlorite. 35 
In addition, the presence of certain negative ions such as nitrate and, 
to a greater extent,chloride will accelerate the decomposition21 at pH 6.7 • 
7.2, the rate o·f decomposition of hypochlorite has been found pi'Oportional 
to the first power of the chloride , and to the second power of the hypochlorite 
concentration. 21 Thus, it may be seen that processes for the production of 
hypochlorous acid which produce soluble chlorides as b,y-products would be 
expected to yield solutions of lower stability than those processes which 
produce no such chloride. Thus, the two-step method of Ourisson and Kastner 
(discussed above) would be expected to produce solutions of greater stability 
than a method using aqueous calcium hydroxide, for example. Although 
hypochlorous acid is sufficiently stable to permit distillation of its 
aqueous solution away from the solution in which it is produced, such 
solutions recovered after distillation are reported to conta.in some free 
chlorine. 34 
The presence of oxygen has an accelerating effect on decomposition of 
hypochlorite solutions. A procedure for stabili~ing such solutions has 
been patented which requires storage of oxygen-free solutions out of contact 
14 with air. 
A further factor of greatest importance in determining the amount o£ 
decomposition of hypochlorite, and hence the relative amounts of chlorate, 
chloride and free chlorine, present in an aqueous solution containing 
initially hypochlorous acid (or hypochlorite) is the hydrogen ion concentra-
tion of the medium. As mentioned above, the ions present in the solution exert 
an effect on the stability of the hypochlorite present: thus the choice of 
buffers for controlling PH is important. This phenomenon has been investigated, 
and it has been found that many of the common buffers - acetate, borate, and 
-6-
carbonate all exert their catalytic effects. Pierron~5 suggests a low 
concentration of phosphate buffers as the optimum means of controlling pH. 
Different workers in the field have reported different values as the 
pH of minimum stability of hypochlorite; these range from values of 6.68 to 
9 a representative value is pH 6.7 • In a study of the effect of 
acidity on composition of hypochlorite solutions, Ridge and Little36 report 
maximum concentration of hypochlorous acid from pH 4 to pH 5 and of hypochlorite 
anion at pH 10. Maximum stability is found in the strongly alkaline9 (pH 13) 
region; there is also a region of high stability at high acidities where the 
solution consists mostly of chlorine (Cl2 ). 
Analysis of Rypochlorites 
A. Q,ualitative 
In 1928, Sunder50 published a scheme for detecting the components present 
in chlorine bleach solutions, and gave methods for the detection of sodium 
hydroxide, carbonate, bicarbonate, free chlorine, hypochlorous acid, sodiUm 
chlorate and sodium chlorite. Tananarv and Shapovlenko51 developed a scheme 
of 11spot-testing" for the presence of such substances as hydrochloric acid~ 
hypochlorous 8cid along with the anions of these and numerous other acids. 
The original article gives detailed descriptions of the techniques for carry-
ing out these tests, most of which axe carried out on filter paper. Work has 
also been done on the fluorescence detection of acid radicals; Gato19 reports 
methods for the detection of twenty-three acid radicals (among them chloride, 
hypochlorite, and chlorate.) The sensibility of the determination has been 
determined in ee.ch case. 
In addition, various color tests have been devised for detecting the 
presence of free chlorine, chlorine and/or hypochlorous acid. The first of 
these53 is a color reaction which involves the addition of potassium ferrocyanide 
(K4Fe(CN) 6 ) followed by an alkaline solution of phHnolphthalin to the solution 
to be tested. A pink color shows the presence of free chlorine. The second 
test28 involves a characterietic series of colors \!rhich ie seen when chlorine 
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or hypochlorite is added to a solution of the compound 4,4' t etramethyldiamino-
diphenyl methane. This test does not distinguish between hypochlorite and 
free chlorine. The final color test is a simple one, and is useful in deter-
mining when all of the chlorine in a vessel has been driven off by boiling. It 
has been observed t hat a solution of methyl orange will be bleached when added 
to a boiling solution which contains chlorine or hypochlorite. 12 
B. Q.uantitative 
The methods for the quantitative determination of the components present 
in a hypochlorite solution fall into two broad cla.ssifications; the volumetric 
and the electrometric. Of these, the former group, as the older of the two, 
has been subject to more extensive study. A. Skrabal has done extensive 
work on hypochlorite solutions, and, in connection with his kinetic studies 
has e:xamined some of the more common methods of analysis: the iodide-iodine, 
iodide-iodate, and hydrogen pe roxide methods in particular.~e Vasil'ev and 
Shtutser58 have discussed and described methods for the complete analysis of 
hypochlorite&. 
Farkas and Lewin15 give methods for the analysis of hypochlorite mixtures 
which are simple and reported to give gbod accuracy. These workers used 
alkaline solutions of hypochlorite obtained by passing free gaseous chlorine 
through cold solutions of 9% sodium hydroxide. They found that their ana lYtical 
method for hypochlorite was quantitative above pH 8.5. An increase in alkali 
concentration to 1-N, the presence of chloride and chlorate, and the variation 
of temperature from 0° to J5°C did not impair the accuracy of the analysis. In 
addition, it was found unnecessary t o use f reshly prepared solutions of 
eypochlorites. 
Determin at i on of ~ypochlorite (= HOCl + 012 ) by me t hod of Farkas and Lewin. 
The sample was added to a flask which contained a mixture of excess 0.1-N 
sodium arsenite solution and 5% sodium bicarbonate solution. Five minutes 
\-las allot·red to pass, freshly-prepared starch solution added folloHed by 2-N 
acetic acid until the evolution of carbon dioxide began. The excess 
arsenite "1-tas titrated "\'lith 0.5-N iodine solution. 
Determination of Chlorate 
All of the Cl03- and 001- present in the solution was reduced with 
excess ferrous sulfate; back-titration \.ras with standard aqueous potassit1m 
permanganate solution. The result of this titration gives the sum of 
hypochlorite and chlorate. The amount of chlorate present can be determined 
by subtraction of the amount of hypochlorite. 
Determination of Chloride ion 
The amount of chloride ion present may be determined by decomposing 
the hypochlorite present with hydrogen peroxide• the hypochlorite is reduced 
to chloride, but chlorate is not affected. The excess hydrogen peroxide is 
decomposed by boiling, and the total .chloride determined by·· t .itration \·lith 
standard O.lN silver nitrate (potassium chromate as indicator.) The 
dif f erence bet\·reen the chloride ion found in this titration and the norm-
ality of oxidant in the arsenite-iodine titration gives the amount of chloride ion 
initially present in the solution. 
In addition to the 11complete 11 schemes listed above, numerous investiga-
tions have been carried out on the quantitative determination of one or more 
of the possible components present. For example, Vasil 1ev and Shtut 1er55 
have investigated the determination of hypochlorites and chlorates in highly 
alkaline solutions. In this scheme, chlorate is de·termined ( iodometrically) 
by the addition of an excess of arsenic trioxide, which is reported to 
inhibit the decomposition of 1\rPochlor ite to chlorate. Lemarchands and Saunier25 
have investigated the determination of hypochlorous acid and free chlorine, 
and Intonti and Gargiure22 the detennination of chlorate and hypochlorites 
by arsenite-iodine titration methods. 
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An interesting variant on the argentometric titration for chlorides has 
been the introduction of the 11 adsorbtion indicator" Eosin by Uzumasa and 
Ogura54 • These workers found that in hi~1ly acid solutions (pH 0.5- pH 2.0), 
the titration of chloride ion '·rith silver ions (Eosin as an indicator) is 
quantitative. The extensive \·Tork done by Fajans and his associates is dis-
cussed by Willard and Furman57 • 
(In addition to these methods for determining the separate species of 
chlorine containing ions, there have been developed different methods for 
determining the so-called 11available 11 or "active" chlorine in hypochlorite 
compounds. This type of determination has been applied most frequently to 
bleaching powders, bleaching compounds and baths, and the like3 ?. These 
methods include nitrite24 , arsenite46 , iodine48 , calorimetric 7~ · oxalic 
acid-permanganate17 and other misceiianeous methods5 • Since these methods 
are mostly of industrial interest and shed much less light on the true 
composition of chlorine-~mter sol~tions than the methods discussed above, 
~~d the electrometric methods discussed below, they will not be dealt with 
in any greater detail at this time.) 
Electrometric Methods4 
A platinum electrode dipping in a solution of hypochlorite which contains 
dilute hydrochloric acid shows a series of stable potentials depending on 
the quantity of acid added. Abribat found1 that a plot of E· .. M.F·.; vs volume 
of acid gives several good inflection points by means of which free alkali, 
carbonate, combined hypochlorite and free total hypochlorite gives the amount 
of hypochlorous acid present. If desired, chlorite ion can be determined by 
a second similar titration. If desired, chloride ion may be determined 
electrometric~tlly by titrating \"lith standard silver nitrate solutian (using 
a solid silver electrode) • 
Gaukhman and Stefanovskii20 found that both l~ochlorite and chlorate 
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could be determined in the same solution by means of a potentiometric titration 
with arsenite in the presence of osmium tetroxide as a catalyst. Acc~·acy 
by this method has been reported as ± 0.5% ~ - Huller and Dietmann31 have also 
investigated potentiometric methods of analysis '"i t h reference to -fue determin-
ation of chlorous and hy"pochlorou.S acids by means of titration \'ith sodium 
thiosulfate and vri th s odi'lllli arsenite. Azuarez and Vinade3 found it possible 
to determine chlorite and hypochlori te in the same solution by means of 
potentiometric titration using standardized arsenite solution. 
In an investigation of methods used for determining the pH of chlorine 
or hypochlorite solutions, Leuis and Kukolich26 found no indicator stable 
at the concentrations involved in bleaching practice, and recommend the 
glass electrode as the best means of determining the pH of such solutions. 
Davidson gives directions for the calibration of a glass electrode for 
this purpose. 
Rius and Arnal39 ,.,ere able to detect_ quantitatively, hypochlorite, 
a l kali ca rbonat e, md free hydroxide in a single electrometric titration. 
I o- A-
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